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ABSTRACT 


The study involved evaluation of the acid-insoluble 
ash (AIA) method for measurement of digestibility of feed- 
Suto Or iruminagnts., lin the £instiparte of thesstudy the 
AIA laboratory analytical technique of Vogtmann et al. 
(1975) was examined. Modifications were made to improve the 
Peporatory efficiency and accuracy. The modified method 
(2N HCl) was then compared to the AIA procedures published 
by Shrivastava and Talapatra [1962a (Conc. HC1)] and Vogtmann 
Couto io/o (4N HEL) | an both Laboratory and animal tests. 
PO analysis done to estimate the chemical composition of AIA 
(2N HCl), showed that approximately 99% of AIA consisted of 
Cllica. twas alse shown that ALA occurs im most ‘common 
feedstutts at readily measurable levels. 

tnetnree A Woprocedurnes mM Conc. eHG@leah HCl sand 2N eel) 
were compared with the: total fecal collection method using 
Sloheeiieterent 1TatL0nus.- “lhe results showed no difference 
between dry matter digestibility estimated by the three 
Proceaures as compared to the total “fecal collection method. 
However, the digestibility estimated using the 4N HCl 
procedure was higher (P<0.05) than those estimated using the 
other two AIA procedures. 

No diurnal excretion pattern of fecal AIA was found 
when 2-hourly fecal collections were made over a 24-hr 
period from sheep, fed a barley-oats grain ration. 

Digestibility estimates obtained by the total fecal 


collection method from other researchers, were compared to 


Lay 


i. ane cs um 7 
; ‘ v “I 7 - adc 
. 2 . > ig oe 
Lae) af 
YP = ero 
POpeTAtA’,...-'° eaite< | 
" a a: 


5 4 ut < i a ne i= a Hil : 
us ae en 
Lpilbaplsieoa- Wie Le othrmelge seek One Sana ese 
’ ' 1 , 


Reh ieg. WH) t eet 2 Lf Wo Cea Tie’s v fe wos? aa ts a ; 


‘ ‘ ~~ \ | 
4" mie Ot 7 ee © ee ee ee A ine a roe; ; 


= ; F : ht Ps 


Sp ecm: ye, a. fos ti iy iortte Cth pete ” 
UGE, Pinh -eas oe i ap ela 1 aah 
bet ao Tee 5 (hay eo iam 
‘ 
eas Than . fae Ta ok a 


ee St en i: , tet iheon 


ect thy: i 7 ul he, vengiy 


i i { + iso Di ( ’ WNL AF 
/ fe a pa 2 } ot. ‘ey 
ni St oe ay’ 25 
* pe | } 7 , 
af at \ or ) q “4 twee ‘ i] a oe 1 art iy 4 ant L ih ighty «' 


fH CS Maude Gut pe oh?” Latas) iid. Sala |e . 
JA OrTe TH (Gi; LoWwerRd Bae iy act) debe Fh ‘onus Bae 

. i web Ley ISeth 3s bud on (eb lee eight | 
(MGM itps Teg Lam ineine Seto sant of Ua iigngy en, ey 
[oA 4h OH) githen feptamiey 271i esy ih wae. oll 


eA) \ootia’ -LeRee gia. VQOtEraeey (2.a°%) posig du pied Gur 


7 , j i) i 


; | | devabn nag hip wud a 
awe aa OTA) bee ay Aloud eats 1 RS laine 8 ay 
my Clee ere adit a1 AGS yal lwe Pa 
Ree Wis ) eRIGe mlcty ateetgels el, a othe’ rs 

7 | x fay ace’ gr av aT Prien a ew aed 


4) , : ; 
7) PAN PNR ee yba4inee Say hat wd), bofyae 
- 7 ae 7 ++ eo Pes - ha) | _ > 


digestibility estimates obtained when their samples were 
anoly zed sine) the 2ZNeHCl ALA procedure. |The results agneecd 
Wee exCepeeLor one Study where the*vatronvconsistéed. Of 
alfalfa and it was suspected that AIA content varied leading 


POscrvorssin. digestibility estimates. 
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Li. LNTRODUCEION 


Malayor DOrGLonon the cost (of animae oroductaon is 
eiiewrecd Cost. Consequently, if a livestock operatiom is 
tO Maximize profiti, it is most essential that particular 
attention be given to achievement of an economical feeding 
System. Only with knowledge of the nutritional requirements 
of the animals and the nutritive values of the feedstuffs, 
can one hope to attain maximum efficiency in animal produc- 
Cron. In order to obtain nutritive, valuessot feedstutis 
the jneed for feed evaluation becomes apparent. 

Different methods are being employed for the evaluation 
of feedstuffs. Visual examination, although widely used and 
the only practical method when an immediate evaluation is 
required, does not provide any information about the availa- 
PiulbltyeObmenerey and NuuviLents 1n, the teed.) (Determination 
of the chemical composition (proximate analysis) of a 
FoeCUsStTULL 1.5 the starting: point fom the estimation of the 
nutrient value. However, the quality of a ration cannot be 
AceMMaALely and fully ascertained Dy chemical (analyses ta lone 
(Crampton, L950; Raymond, LOSija5 Despite the hesitation, 
chemical analyses plays an important role when used in 
conjumetion with animal trials (Van Soest, 1969). 

Apparent digestibility is a nutritional term used to 
déseribe the proportion of a feedsturl which, when ingested 
by an animal, does not appear in the feces. The quali iace- 
tion ‘apparent’ is used because some substances appearing 


in the feces arise endogenously and are not directly 
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associated with the ingested feedstuff. Because of the 
frequent use in this, thesis the qualification is’ omitted 
and simply the word 'digestibility' is used. Furthermore, 
mivessacpecificd: the words¢digestibidueyiwasrusedsito,reter 
to the-dry matter (DM) portion of the. feedstuff. 

pecawect estdmatelotytheadi pes fibade ty seri be, obtained 
from measurements of the quantity of material ingested and 
Lhebquantity) of*fecésyexcretéd \((Cramptony 1950¢.Kane et al. , 
imo, Mevonaldsetyel. jel 969)_ « Thiss dst thes totalecoldection 
method... To ensure complete, fecal, collection it, is, necessary 
bomcontine, animals an individual crates or icages) for 
several days or to attach harnesses and bags for (eis 
eollecti on) Garracus, ) 1954)4) such continenent: oft theaninals 
Mevoicad to stress: and affect, dicestibalitys values 
(Ellenberger, and Schneider, 1927; Waldo et.al., 1961; 

Nobel trict Gt) adie! 0650 Phars et, @lasaciO Aljne Because. of, the 
Test roint sandy possible stress: on the anamaly, and) because: of 
the! aarconvenaence, and time anvolvementean: total collection 
studies, simplier and more convenient means for estimation 
piiidieestibility diave sbeen sought; 

Most: indirect methods: fon estimating ida sesitta bidity “are 
based? on ithe: measurements: of a) nemerenege substances 17) jhe 
feeds and/or feces! (Schneider et) alto 5 5) peisevena | 
synonyms (index, indicator, marker) are used in the 
scientific literature to describe these reference substances. 
Kotbe and Luckey a0 72)) havenclass ied them anto two, main 


groups: (1) absorbable and (2) non-absorbable. The second 
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group contained those most conmoniysusedminwd esti ba lity 
eLudiesr Theseysubstancesimay,.be further classified into 
Iwo Wadngoroups: ch )wexternal indexesubstancesy substances 
which are added to a feedstuff or taken orally such as 
chromic oxide and (2) internal index substances, substances 
which occur naturally in a feedstuff such as lignin. 

Kotb and Luckey (1972) extensively reviewed and 
evaluated the use of many different indexsubstances. One 
index substance that has been suggested but not extensively 
evaluatedtis the acid=innsolublecdash (ATA) toryvresiduc of 
Focestulesue tlnutact, thissindex tsubstance Swas yoverlooked 
by :Koth and Luckey in their review. 

Thesuse of an -acid-insoluble réesiduecofetéeediwas frrst 
reported by Shrivastava and Talapatra (1962a) when used to 
determine the digestibility of feeds by sheep. Results 
obtained by Shrivastava and Talapatra were encouraging and 
Gloselyrapproximated “the results obtained) from tthe stotal 
colieetion methods taMcCarthy vetval. (G97 4)ipused ATA vas an 
jndexasubstance eto estimate thethdigestibility of iswine 
HationSeand also obtained msatistactory tresults withethus 
index substance when compared with the total collection 
method. | Vogtmann et al. (1975) scompared (the meétabolizi= 
bill (ido futatty acids in poultry rabtonsiidetermined thy means 
of the AIA index substance, to results obtained by the total 
collection method and concluded that AIA was a suitable 
index substance for determination of the digestibility of 


poultry rations. These findings led to the present study 
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in which AIA was evaluated for use as a digestibility index 
SuUboeence Lor ruminant "Tat rors 

Because of the empirical nature of previous studies 
evaluating AIA, the first part of the present study involved 
examination and evaluation of the ATA laboratory analytical 
Cechnigque of Vogtmann ét al. (1975)% which cons the same as 
iiataused by McGarthy ret alk, (1974)2. 0n) the basiseof those 
results some modifications were made to improve the 
Paboratory efficiency and accuracy. Tests were madé to 
Syiituate the new procedure: in both laboratory and animal 
tesus against the procedures published by.Shrivastava and 
Tavepatra (19624), Vortmann et al.-\ (1075) sand) the totar 
collection method. Hurther tests were then conducted to 
establish the reliability of the modified method and to 
determine if there were diurnal variation excretion 
Preece ris jor ATA wn themteces ; 

The’term ATA used in this study, represents the 
insoluble ash or residue left over when samples (usually 
feed or feces) are digested with hydrochloric acid (HC1) 
and ashed. Ashing sometimes proceded the acid digestion. 
The tires: basic Laboratory, techniques ten. Ala, orien 
referred to in the thesis are referred to simply in terms 
of ‘the concentration of HCl acid used during’ thes acid 
digestion,. viz.,,conc, HCl .(Concenitrated HCl), 4N HCl and 
2N HCl. Stepwise descriptions, laboratory analytical 
procedures of the three basic AIA methods are given in 


Appendix 1, 2 and 3 and a schematic summary of each is 


eontamned im Pacure 1. 
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pipure sl  Acid-insoluble ash analytical procedures. 


Details of each. are. given.in Appendices 1,.2 and 3. 
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lwe = Weicht of crucible with ash, an 2. 
“We = Weight of empty crucible, in g. 
SWs = Weight of sample, in g dry matter. 
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Ei” CHREVIEW TOR GITERATURE 


Kotb and Luckey (1972) suggested that before an index 
substance -qualifies as an effective nutritional index 
Substance it shouldt. (1) obe inertiwitheno toxic Dihysi0lLoga- 
Calveffects;: (2) «beineitherrabsorbed nor metabolized 
Wethinithe Pastrointestinaletract; (3))havégnovappreciable 
bulk>o(4)omix intimately’ with and)remain uniformlyrdistri- 
buted in the digesta; (5) have no influence on gastro- 
onvestinalmsecretion,cdigestions! absorption; tmotality or 
exererion;, (6) havei no a~antiluenceron the maierofloratofethe 
eastrointestanal tract; and (7) haveuphysical — chemical 
propertaes whichiallow ready: andyprecise\ quantitative 
measurements: +However, as  pointediout by Engelhardt et al. 
(1974)% inone ofithesavai lablevindexesubstances | satisfy all 
these criteria. 

the appidcationsot andirectimethods! forlestimating 
forage, intakecby grazing, animalsahave been, recently, 
reviewed by McDonald (1968), Raymond (1969), Streeter 
(.G69)eand! Kotb andibuckéey: (1972) aSchnerdéer land)» Fiatt 
(1975) have! alson reviewed, thesoverallemethodology of steed- 
Stuce nce Valuations. elhnenpresentameviewaisetocussed onjthe 
use of two indirect methods for estimating digestibility of 
feedstuffs and considers several external and internal 


index substances used in digestibility studies. 
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A. Digestibiltty by Fecal Index Method 


This method has been used mainly with grazing ruminants 
and was developed by researchers who questioned the ability 
of obtaining representative forage samples by hand or 
mechanical clipping (Raymond et al., 1954). Digestibility 
Bomcotimated \by> (1) susine the total collection method to 
Ber dicectahaliay COCTPICICNeS: ZVoOm Cuu fora gess ted to 
penned animals; (2) establishing by regression equation the 
best relationship between the fecal index substance and the 
weeccmptlaty coefficients of the pen fed forages... (3) ecol- 
Wecting fecal samples from grazing animals; and (4) substi- 
tucing the fecal index ‘substance cancéentration into the 
previously established regression equation and estimate the 
Gigestuprlity. Unlike the ratio method, cece below)? index 
Substances wsed in the fecal index method need not be 
Completely andicestible (Kotb and Luckey, 1972). 

Some of the fecal index substances that have been 
proposed include chromogen (Reid et al.;, 1952), nitrogen 
(Hancaster, 1949) methoxy) (Richards and kead3) 1052) and 
Crud cml pea, scRaymond set, alg, lO Sd). SB aeca lL nat wo gen tan 
chromogen were used extensively and considered more reliable 
thanetne others. (Kotb, and, Luckey, L972). 

Themis .diskt Leldey wwiit hy the wise on the wieca la ndex 
method is obtaining a representative sample of the forage 
consumed by the animal (McDonald, -196¢).4 Diurnal variations 
of the index substance excretion rates (Kotb and Luckey, 


1972) and high labor requirements (Langlands, 1975) are also 
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eo11o0us imitations tO the wse of this method. ~ To improve 
forage sampling, esophageal fistulated animals have been 
used (Van Dyne and Torrell, 1964). Selected fecal sampling 
schedules were adopted to overcome diurnal variations of 
index substance concentration (Smith and Reidy tooo las bound 


the above improvements increase the labor requirements. 
Dep ecest i pility sby Ratio Method 


Pyecic ratio method an estimate of idicestubiiity 1s 
obtained from the ratio of concentration of the index 


Substance in the feed and feces (Kleiber, 1975). 


Mi x No 
Drccstubatity (4) = 100 = 100 

Mo: 2xcaNa 
where 
Mio =) index substance in the feed. 
Mowe soandaex Substance.in the feces. 
Nias Nutrient in the teed: 
Nor= | nutrient in the feces. 


The qaladity of thesuse joi pthesrat to ume thod jis pbasedyon 
the ability to obtain r.epresentative,samplesvot, the tecdsturr 
consumed and feces produced and on the assumption that the 
index substance is jinertsand passes: throuch the abimentany 
tract..at a uniform rate..,Diurnal Variation an.the concen 
tration of the index substance in the feces could lead to 


biased and/or variable estimates of digestibility. 
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C. External Index Substances 
1. Chromte oxtde 


Chromium sesquioxide (Cr203) is presently the most 
commonly used index substance in nutrition studies. However, 
its use has not been wholly satisfactory. Incomplete and 
inconsistant recoveries have been reported frequently (Smith 
rg heid  hoS5:. avis et ala, 1958 shlamvetrale, 1O50"\Carew, 
Pye ecCanthy toa let 61974) .. Diurnal varia taons .navempoen 
demonstrated to be quite large, especially when the index 
SubS@ance ars given onceidarly (Brusson ¢etuals, 1957). 
Brisson and co-workers, were however, able to reduce diurnal 
Meamtatron by n<adninistenring. the chromic Oxide simeia ipelLeted 
TOrl wistx times dawly. he .hromicioxnde peiiet 1oPreden and 
Brisson, 1957) and paper impregnated aorms (Gorbéett vet.al., 
1958) were developed in attempts to minimize variation in 
its excretion pattern. The labor and frequent restraining 
of the animals limits the use of this approach and substan- 
cially reduces the advantage the ratio method might have 
over the total collection method. 

Kiesling et al.,.-@1969), reported that the rimcorporation 
Of chromic. oxide into shredded paper, fed) once daily (fo 
grazing steers, produced recoveries, considerably less ‘than 
100% and was highly variable among steers. These authors 
concluded that administering the index substance in impreg- 


nated paper was no better than other methods of administra- 


tion. 
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MacRae (1974) reported that chromic-oxide does not 
g=sociate itself with, the solid phase of digesta which 
Raises, the question -of ats: use in studies where a solid 


feed index substance is required. 
Zoe Polyethylene glycol 


Polvethy lenegglycol’(PEG)tis widely sed.as.ia.total 
digesta and liquid-phase index substance (MacRae, 1974), 
however, some researchers have used it as a water-soluble 
index substance to estimate feedstuff digestibility (Sperber 
Smet ait O'S Corbett Ot allies 1OS8ine eGorbett vetted l2(L056)) 
fepoazced AtS Suitability_as anvindéx, substance for.estimat- 
Leverecat OUuCbUL —inwcows. Sperber et.al. "(1056)" -showed @ 
PEG recovery of 90% in feces and found"=no appreciable 
SpsOrprion Or ‘destruction im the: dagestiver tract. “They 
inferred that digestion studies should be possible using 
PEG but they did not specifically report cata showing the 
accuracy of such determinations. Sinha et al. (1970) 
Studved tne feasibility of using PEG as “an index substance 
to estamate dieestibility of feedsturis un cattle. They 
reported a low regression coefficient (r = 0.008) between 
the estimated digestibility using PEG and the digestibility 
estimated by the total collectaon method. On" the basis ior 
the obtained results, Sinha and co-workers questioned the 
use of PEG in digestibility studies. 

It appeared that PEG associates itself with the liquid 


phase and not with the solid phase of digesta. In addition, 
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the use of PEG as an index substance is limited because of 
che tack of a readily’available accurate and sensitive 


analysis method. 
56. Polyethylene 


Limited but satisfactory results were obtained by 
Chandler et al. (1964, 1966) when they used microthene 
polyethylene powder as an index substance to estimate 
Seeatacter digestibility in calf rations. Their results 
showed a 100% recovery of the index substance with no 
reewce. Ona Giurnal variataon. This index substance, 
however, has not been evaluated for estimation of digesti- 


Delaty with older animals. 
D. Internal Index Substances 
i. ony 


ime lOAG sels etua les (O41) Ssugmesied aki oni) as san 
index supstance, for estimating dicesti1bati7y because it 
Seemed to meet the conditions of an ideal index substance. 
However, there has been some controversy over the validity 
Of considering lionin gn indigestible plant constituent 
(Bondi and Meyer, 1948). Smith et al. (1956) showed that 
from 2 to 11% ..on dienin of lucerne tiny was digested bye deer 
oMaerrom 0 £0. 157 by sheep. 

Kane ét ad. (£95) reported the wresults oblained nsang 
the lignin method and it appeared that the results were 


influenced by the type of plants used and by the presence 
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Ofratdhurmal Variation im. the concentrationvo£ Lignin ‘in 
feces... Ihisivariation meant that fecal samples had to be 
obtained at different intervals of the day and night to 
obtain a representative daily sample. Furthermore, varia- 
tion in digestibility and recovery may be caused by the 


Hiatyeucal methods”used for lignin (Van Soest, .1964)% 
2. Plant chromogen 


Dhesuse jot thejplant schromogen 4s an anternal index 
Substance.for estimation of -digestibility.was suggested by 
Peotowetoal,. (1950)... This method employed plant piemenecs 
that absorbed light at 406 mp and were found to be indigesti- 
Micwond cOonpletedy Trecoveledwi ni feces em nwapectnosconic 
examination of an 80% acetone extract of the feedstuffs and 
feces revealed these substances. In a subsequent paper 
Reidwet, al. (1952)eneported that £eedstutis,lowvin.chromno= 
gen compounds (hay and concentrate) gave an incomplete 
PecovemysOfuchromogel.an the feces. .burthermore, | sienit1- 
Gantrerrors were found with feedstufis containing yery 
large or very small quantities of chromogen. The same 
authors, however, developed a mathematical relationship 
between the chromogen-dry matter ratio of feces voided and 
that of feedstuffs consumed. 

From studies comparing lignin and chromogen as index 
substances for estimation of consumption and digestibility 
of forage in sheep, it was concluded by Cook and Harris 


(1951) that chromogen was satisfactory for lucerne but not 
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Suitable for estimating digestibility of winter range forage. 
Greenhalgh and Corbett (1960) reported@arereater Variation in 
estimated digestibility with chromogen than when nitrogen 


was used, 
Cee eea? Nitrogen 


Fecal nitrogen (undigested, endogenous and indigestible 
protein) is correlated with dry matter intake (Blaxter and 
Matcher ~8b948)), «a fact’ that is explained ‘when it°is realized 
Miat aisignificant portion tof the fecal nitrogen is 
endogenous. 

Lancaster (1949) showed that fecal nitrogen concentra- 
tion was related to the digestibility of forages and develop- 
ecommconess Lons (Lancaster, 1954) relatang tecal nitrogen “to 
kor Sn. Dol Way... 

When fecal nitrogen was used by Holter and Reid (1959), 
it appeared to be suitable for estimation of dry matter 
digestibility an forages, “razed by ruminants. However’, 
Minson and Kemp (1961) reported large errors associated with 
the equations in which digestibility was correlated with 


the nitrogen content of feedstuff and feces. 
a. Stiitea 


The use “of silica as an internal index substance ‘for 
determining digestibility was introduced by Wildt in 1874 
(quoted by Kotb and Luckey, 1972). Silica was suggested, 


because it occurred naturally in the feed and was apparently 
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potrabsorbed) (by “the animal. The reports <on accuracy of the 
method have been diverse, some being distinctly favorable 
(Gallup, 1929; Gallup and Kuhlman, 1931; Jones and Handreck, 
1965a), while others suggested a limited applicability 
(Gallup and Kuhlman, 1936: Gallup, Hobbs and Briggs, 1945). 
When silica and lignin were used to estimate forage 
intake with grazing ruminants, the results calculated from 
ene -usesof’silica showed morevvariation:than,those,calculat- 
ed from the use of lignin (Van Dyne and Meyer, 1964). The 
main problems encountered were the non-quantitative recovery 
Ofesilieca in the feces and. contamination of the feed and 
Pocecmmenl eitherssoil,or dust, <Twoufactorsisuscested as 
tiesteasons ior the incomplete: recoverysot, silicaswere 
Contamingtion, of the teed, wath; dust. and: the, absorption. of 
pLlice fromthe digestive, tract, and 2ts, excretion an the 
urine: (hormani and Sauer, 11062)).- ; Jones, and, Handréck (19654) 
Showeclutiatrethe solid sailicajo: drysplantyieeds angested by 
sheep can be completely recovered in the feces and urine. 
Anamal’s, ingest appreciable amounts of silica which is 
present ani plants as soluble and insoluble silica (Jones 
ands Handreci.) 1065b),)  Sadica- am, Soil. Solution isyundisso- 
clatedumonosi licicvacid. and 4s absorbed, through simple 
Siinitdom inisthe transparathon streamy bhe monosilicic acid 
is carried to the tops (stems) of the plant and polymerizes 
to form solid silica as water is lost by transpiration 
(Handreck and Jones, 1968). It is deposited therefore, in 


greatest quantities in those parts and regions from which 
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Makeryis lost\in greatest quantities .eThe silicay contained 
in several grasses was, identified as opal (S707 .nH>0) 
(Parry) and: Smithson, :1957%. Smathson;°1958). 

Dagilvy-intakerof sildca®bytruminantss varies! wathiteecd 
iucake,ethe individual animal«and*thessilicavcontént of the 
Blanrs consumed: Sheep, grazing ‘pasture of barley which 
Couteimed at threesdifferentrstagessomeerowth 1e709°2781 
Pade oaoa percent of Silica, excréted silica in daily amounts 
PaO ea akd mo vand 2056 (eGinutheir (feces jand Vode 9s5e3 cand 
aCe Zanivean stheir purine, }respectively, W(Nottle land Armstrong, 
£966). 

Monosilicic acid was found in the recticulo-rumen fluid 
OT esneep «(Jones and Handreck, §1965a)Wandscattle (Baxley, 
twos elhis meant (that. there ~@s usome sdussolution sof jingested 
Solicaawanenaleyels off at approximately oO ppm ioc siono- 
Siiiecic acid an sheep and slightly above 200 ppm in cattle 
Peer oe rach fluid. When the feed contained more than two 
percent silica the reticulo-rumen fluid was saturated (Jones 
and wianineck,. 19654)... yabhe, concentration tof smones Mivecicacid 
in the reticulo-rumen of cows was also shown to level off at, 
or slightly above, the saturation concentration of 200 ppm, at 
all. levels of intake when a rough fescue (Festuca scrabretia) 
Cation: 5.470%. silaca) was used (Bauley ~ Lo7o)t.. Gaines absorbed 
monosilicic acid is carried in the blood stream to the 
kidneys (Jones and Handreck, 1965a). Its concentration in 
the blood stream remained constant in sheep and cattle with 


different levels of intake. The amount of monosilicic acid 
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excreted in the urine was influenced by the ration and 
amount of water consumed. In sheep the urinary excretion 

Or siited increased with inereasing silica vintakes=ofeup sto 
eight gram per day, but no further increases followed from 
increased intakes and excretion plateaued around 200 mg of 
Silica per day (Nottle, 1966). In cattle the excretion rate 
for monosilicic acid was nearly constant over extended 
periods (Bailey, 1967). 

Jones and Handreck (1965a) estimated the DM digesti- 
Ority coctlicients-of three rations! usine sidicatand found 
the results to be in close agreeement with those determined 
by the total collection method. Furthermore, they showed 
that practically all of the silica was excreted in the feces 
and on the bases of their results suggested that silica be 


ie -eoxamined as anv-indicaton for dices ti bupiitys tori a bse 
5. Aeid-insoluble ash . 


Thevuse of ATA of teedsturt and) feces as am index 
Stibstance for determination of digestibility for ruminant 
feedstuffs was first reported by Shrivastava and Talapatra 
(19628). ,Their findings indicated an average recovery of 
the residue ‘to be 99.8% (91.2 —- 108.77) and the estimated 
digestibility coefficients were, from a practical standpoint, 
not different from values obtained by the total collection 
method. The same authors used this index substance to 
determine the pasture consumption and level of nutrition of 


grazing sheep (Shrivastava and Talapatra, 1967b). » They 
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obtained ayerage values for dry matter consumption per 45 kg 
bogyeweiehts Of 1.18) ke for both pen-fed and) orazing animals. 

Recently, McGarthy et al. (1974) evaluated the use of 
ATA as ‘an index substance for determining digestibility of 
rations in growing pigs and concluded that the 4N HCl method 
asedesceribed by. Vogtmann et tal.9(1975)%was*superior to that 
CfSusing chromic oxidée-as an index substance in swine diéts. 
Pinuvermore, Vogtmann et al. (1975) concluded that the 
aNeHGiimet hod gavewa similar accuracyeto- the ‘total “eollection 
MetneGurcor «determining meétabolizability “of @enery -and 
Grccotepriaty of fatty “acids in broiler "d2ers: 

OmGtherbas is YoOf ethe above results? re appears that ATA 
Hesapotential as-an index substance “for -dipestibi lity 
Studies. . However, various aspects of AIA such as sensitivity 
Otmestepsmin ‘the laboratory procedure, “composition, “use “in 
ruminant digestibility studies and the determination of its 


fevew in“conmon fecdsStutts, require further studies: 
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The 4N HCl AIA method has been described for digesti- 
Deaiitve studies in swine (McCarthy et al., 1974) and poultry 
(Vogtmann et al., 1975). In the present study this method 
Was examined for determining digestibility of rations by 
Sleep. 

lieviewhor thevempirical nature vor they laboratony 
procedure and the unknown significance of each step to the 
Overall vaccuracy of the method, it was decided to examine 
tne laboratory procedure first to, determine swhich«steps were 
WOStecritical and make changes wheresnecessary+, Impeaddution, 
it was suggested (John McCarthy, personal communications) 
tatssome steps of the laboratory procedure could be troble- 
Some. for example, ,the ‘odor and fumes created when feed or 
fecal samples were boiled in 4N HCl acid required an 
efficient fumehood. However, working in a fumehood restrict- 
ed the size and type of apparatus that could be used. 

After extensive laboratory evaluation and revision the method 
was applied and evaluated in animal feeding trials. 

A? AIA ‘sample calculations. were,done tosfoumuecunad, 
places in order, to.avoid tound-off error.» Accondinaiog eea ley 
values presented in sections B, C and D have all been 
calculated to four decimal places before being rounded off 
to three decimal places for presentation. Duncan's New 


Multiple Range Test (Steel and Torrie, 1960) was used in 
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comparison of means. Analysis of variance was done with 
computer programs available from the University of Alberta 


Computing Centre. 


B. Examtnatton of Indtvidual Steps in the 4N HCl Laboratory 


Procedure. 


During these examinations of the 4N HCl method the 
laboratory procedures described by Vogtmann et al. (1975) 
Mere stOllowed except for the step beine tested. An outline 
of Vogtmann's laboratory procedure is contained in Appendix 
Te 

Except were indicated the laboratory tests were on 
Samples of brome grass (IRN: 1-00-890)1 dried to constant 
Heteht-in a, forced airsoven and finely ground in -a Christy; 


Norgis mill 4~ 
Peee 1, Acta Strengin 


Duplicate brome grass samples were analyzed for AIA 
Conte, using acid wnormaliiies pot 70. se eS and oNe Hel 
instead of the standard 4N HCl. 

The 6N HCl was rejected because: (1) the filtrate 
boiled up into the steam condensor and HCl fumes escaped; 
(2) a particular obnoxious and irritating odor was produced 
during the digestion; (3) the filter paper tended to break 
during the filtering process; (4) black residue remained 


1. International Reference Number. 
2 Je Model No. &asChelmsford, England. 
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Table 1. Mean (+SE) AIA values of brome grass using 
CiPeerent 1ormalities-of HCl. acid. 
a a 


Normality of HCl LATA value (4 1 SE 

ona) Re ar ee PRS Ue oe AOR, 
0.5 3.010¢ 0.024 
Ta 2.905ab 0.015 
Aa 2.8788 0.007 
3.0 2.924ab 0.002 
4.0 2.940b 0.014 
5.0 2.9936 0.016 


Ise of means 0.015%. 

Pe eames With different superstripts are Significantly 
fe0..05) ditterent.. 

adhered to the walls of the flask after washing. From the 

Piet yots Ol Vartance ot the results fon Wso to SN acid ta 

Srengitcant (P<0.01) effect or acid strenctiewas indicated 


(lable 1)% ~The 2N acid gave the lowest "AIA value but was 


MOG@eorelialcantly diiterent trom che INvend oN HGL values. 
eM.  RULL ert namie yTeCLeneYy 


While further tests with ON HCl were discontinued for 
tietapouwe, reasons, the question, of GCliect Glythe acide at 
tease to @ strength of SN HCl, on the filter paper remained 


unsolved. Twelve feed samples were, therefore, analyzed by 


the 4N HCl procedure but 100 ml of 5N HCl was passed through 


the filter paper immediately prior to the filtering step. 
These results were then compared with values obtained when 
100 ml of water was passed through the paper immediately 


Dator to the tittoriny Step. 
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The mean (+SE) AIA contents of brome grass from the 
acid-treated and non-treated filterpapers were 2.944 + 
0.018% and 2.942 +.0.014%, respectively. It was therefore, 
concluded that 5N HCl did not alter the filtering CdaiCLehcy 


of Whatman No 41 filter paper. 
Lest 56. Time of Actd Digestion 


the duration,of cold, digestion was defined as the 
length of time between the addition Ol acid at. coon 
Poem rune. tO. the) Sample. till (the mixture (sample pias 
acidjewas placed on the hotplate. Two tests were made. In 
Chesiirst tést, samples (six replications) were cold digest- 
ed 10n)50 and 60 min. , A further, six samples were cold 
digested for one min but not boiled in acid. In the second 
ie Sees kiecate!l samples were cold digested sor 14 ol 5 30. 
OOo -us0 4and 240 min. “Halt the samples. ain ithe second 
test were then boiled for the standard 30 min while the 
boutineStep was omitted tor thesothermamples.. sin both 
tests.) the ecid was addéd tos the “samples at diiterent times 
Soethat samples were processed together wor thee final -steps. 
hoewoneuminute coldydicestion hime Anebothytesus.. Peprescnc- 
6d thewtame required to add acid to the samples before they 
Wenpesertner washed free of acid or, bolledsineacid. 

In the first test the mean (+SEE) ATA content of brome 
grass samples were 3.163 + 0.006% and 2.884 + 0.010% for 
the 30 and 60 min cold digestion periods, respectively. 


They50)and)60 min cold digestion treatments were nor 
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Table 2. AIA contents (%) of brome grass using different 


acid digestion-times (pre-boiling) and-effect of boiling. 


AGa.d 
_ temperature eins eee og ee pin 60 90 250 240 
Boiledl 2.180 2EB37 M2e804902279S sand “2eS0O Meee aus 


_Non-Boiledé Sich OOS ae lO Sst Sih BA: GiGi iO ew Ok ern aia Seaele S 


Pewter ieai) ES 2.501 2 0,008 . 
2Mean (+SE) is 3.109 + 0.017% 
Snrircantiv’ ditierent., but both treatments rTesulted in 
Siynipiecantiy (P<0.05) lower AIA’values than non-boiled 
Samples. 

The second test, also showed significantly (P<0.001) 
higher values for the non-boiled samples, however, cold 
digestion time from 1 to 240 min had no effect on AIA 


COomcent «(labile 2). 
Vesr 2. Boiling Time 


Tordetermime theretrect or doiline, timer on AlAy Content, 
feed samples (four replications) were boiled for 15, 30 and 
60 min, instead of the normal 30 min time period. 

Increasing the boiling time appeared to result in an 
increased estimated AIA content of brome grass (Table 3). 
However, no significant difference between the AIA values 
of the 15 and 30 min boiling times was obtained and in turn, 
AIA values from the 30 and 60 min boiling times were not 


Sleutnicantiy dic Lerene. Therefore, it appeared that a 
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Table 3. Mean (+SE) AIA values of brome grass using 


(rpecrent- bolLine times. 


| Boiling time (min) | Me nL A “value ca) Sie 
15 2.8444 S005 
30 2.86725 | 0.022 
60° 2.9230 0.010 
1 


pao means 0.014%. 
a-bMeans With -diitenent Superscripts areusioniticantly 
(P2005) different. 


30 min boiling time may be reduced to 15 min without a 


J eturicart change in ALA values. 
fest o. Hot Plate Temperature’ and Actd Strength 


ine =wse or a hot plato«for heating ethe sample mixtures 
during acid digestion resulted in some samples being boiled 
more Vigorously than others, due to uneven heat distribution 
POimeticmion piate Ssugtace. “A testewas, srhererore. 
€onauctéed in which duplicate samples were boiled on ditferent 
HOt. plates, using different température settings. Six 
temperatures of approximately 100, 110, 120,,130, 150 and 
160 C were-used with two normadities Of HCl (2 and 4h). 
The 2N HC] was used to. check the results obtained in 
Test 1. A thin layer of sand, containing a mercury thermo- 
meter, was placed on top of the hot plate to measure the 
effective heat coming from the hot plate. The Erlemeyer 
flask, containing the sample mixture, was then placed ion 


top of the sand. 
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Table 4. Analysis of variance of the effects of hot plate 
temperature and normality (2N and 4N) on the ATA content of 
bmomeifgrass .. 
a ets ee en ee 


Degweesi of 


Source | _ freedom nts Meanwoquare Bove Lire 
a a ee ee ee et ee 
Normality ‘i 0.00258 8 abil 
Temperature 3 0.00815 HESS AINE ae 
interaction. 5 0, 00 Hrs Oe Sala 
Cecor LZ 0 ..0:00-34. 

Boal. oO 

#P.< 05205 

ea). OL 


Theeffects) of temperature; mormal ity candcinteraction 
Demwmeciw temperature. and normadaty on ightexALA icontemt or 
brome grass were all significant (Table 4). The mean AIA 
Wolies Fearsthe 2N HCl hand r4NOHClousedmwere 2.797 and 27817% 
respectively. “ithe mean eresults presenteditin Table jandicate 
tied temperature’ of 130) C., tom lower, “eesimbtedmineA rs 
Vaities “which were sienificantly (P<0105)omieher than; those 
boiled using higher hot plate temperatures. 

The use of 2N HCl resulted in lower (P<0.05) AIA 
Values ethan hth HGls ‘Thusiscenfirming thetlestiisobservations 


dnmetine sefrect of sacid strength. 
Test 6. Washwater Temperature 


In the Vogtmann et al. (1975) publication of the 4N HCl 
method, washwater temperature was not specitied, only 


referred to as: “hot distilled water". <A test was made to 
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Table 5. Mean AIA values (%) of brome grass using different 
hot plate temperatures and two normalities (2N and AN) of 
HT Che a ke 


Acid SE Of 
strength OSS HO 120 130 15.0 Oe means 


2N TOR 7 (ec ee S58 2a S. eon 72) 720) G.012 
4N 2.850 2.865 Bee ee 2 Oot Og ao ORO 1S 


Mean PEO oAS 28a 7. 2 eA 0C 22.7 98D Aga 760s 0009 


*"CMeans with different SUDETSCTIPTS are wsronit icant by 


(P<0505) ditferent. 
determine if washwater temperature had an effect on AIA 
Content. Duplicate isamples were analyzed usine washwater 
temperatures of approximately 25, 50, 75 and 100 C and two 
normalities of HCl (2N and 4N) were used. 

An analysis of Variance Of the results showed no 
Significant difference in AIA content between washwater 
temperatures when either 2N or 4N HCl were used (Table 6) 
The mean AIA values from the 2N and 4N HCl (2.838 and 2.929%, 
respectively) were again significantly (P<0.001) different. 

From this test it was concluded that washwater 


temperature was not influencing the AIA value. 
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Pape “or “Mean ATA values (2) “ar “brome “erass “when “di tierent 


washwater.temperatures and two acid normalities were used. 


Acid Pound eae WG’ rt 6 Oe ore te SE=OF 
strength 25 30 he Best Ls 100 means 
2N Zz2.842 2500, Onl Zoo) 2.826 On 00.5 


4N Cr OO Lod 2.934 2.930 O2007 


C. Intttal Modifteations to the 4N HCl Laboratory Procedure 


and thetr Evaluattons 


Bresented#insthas section, are thesinitial modifications 
made wco the 4N HCl method (Appendix 23% Previously .allvacid 
digestions for AIA analysis in our laboratory were done on 
a hot plate in a fumehood to prevent the rather unpleasant 
odor from spreading throughout the laboratory area: This 
procedure, however, created additional problems. The heat 
tvomea Not plate was not evenly distrabuted jand resultedarmn 
Mievien, WOLlitig Or SOne ssamples -oOn ptheyo lates ema athewmnd ne. 
each steam condenser had to be closely watched and adjusted 
frequently to prevent HCl from boiling off. 

Many tests were undertaken to ascertain suitable 
moditieations..and. to evaluate the moditpieatzonse yslieinere 
Critical of “the tests which Tead ‘to ‘modifications “are 
presentéd hérein, but not necessarily an the order in 
which they were taken. Tests on all permutations and combi- 


nations of modifications were not possible. Consequently, 
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some tests were made and are reported where one aspect of 
the modification was examined, while some other step in the 
procedure was not. The sequence finally settled upon in 
the modified procedure was not necessarily they samevasvtor 
Other tests reported in the following section of this thesis. 
By adding an initial ashing step before the acid 
digestion the odor problem could be avoided. This would 
also allow the use of the more convenient crude fiber diges- 
tion apparatus!, for boiling the samples and elimination of 
itesproblem of uneven boiling on, the-hot plate as well.-as the 
le-gorethe steam condensors. In; addition; -the) initial 
ashing would eliminate the organic matter from the sample and 
prevent the formation of a. substance known as humin. ‘“Humin 
Masetne suspected black residue which was observed to 
remain adhered to the boiling flask after acid digestion, 
Darticularily wath the higher normality acids.., Humin is a 
black acid-insoluble solid formed during acid hydrolysis of 
proce... Rr obabd iy eondensation Cfatie andolesnucleus oF 
tryptophan with small amounts of aldehydes produced during 


the hydrolysis (Haurowitz, 1963). 
Test 7. Ashtng Prior to Aetd Treatment 


In a series of preliminary tests samples were ashed 


(overnight at 650 C) prior to acid digestion and ashed 
again, overnight at 650 C after acid treatment and washing 


to remove the filterpaper (see Figure 1 for summary of 


lLabconco Corp., Kansas City, MO. 
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sequences). When this procedure was applied in the AIA 
analysis the odor problem during the acid digestion was 
avoided. 

The pre-ashing modification was employed in all tests 
f porccd iim this “section (TIE. C.)e unless stated otherwise. 
To avoid the necessity for frequent descriptions of these 
ashing temperatures, they are presented as follows: (X-Y C) 
where X referred to first ashing temperature and Y referred 
to second ashing temperature, both temperatures expressed 
in degrees of Celsius. For example 650-650 C means that | 
samples were ashed at 650 C prior to acid digestion followed 


by a second ashing to remove the filter paper. 
ese 8. Actd Strength 


Teapbicate wbrome verass sanphes were anodized fom ALN 
Gontemt yiocing) the 4N HCl procedure as outlined “(Appendix 2) 
Dace veld OVernucht aShing prior to acid) digestion and 
Witheexperimental acid strengths Of 0) Ue5. 1) 2, 4 and oN 
Hel, Ashine temperatures were 050-050 C. ihe ON HCI was 
included to observe its influence on AIA compared to, other 
normalities despite its rejection on the basis of the 
Observations made earlier. 

Phe Lowest ALA value obtained for “the Semple using 


IN HCl was not significantly dufrerent from 0.5N HCl which 


in turn was not significantly different from ZN HCl (Table 7). 


WeEioON HCl somé Of the AIA may have: been Vost. (see Test). |, 


however, its mean AIA value was higher than when 4N HCl was 
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Table 7. Mean (+S) ATA yalues of brome grass using diftfer- 
Swanormalvites of HCl saerd. « 


Normality Om aC | AIA value (3)1 SE 
0 3.840¢ 0.064 
0.5 2.854ab 02012 
ie Perso OT0lZ 
2.0 2.906b 0.032 
4-0 22990 - O01 
6.0 3.036¢ 0.026 


Soy Om means 0.026%. 
a-bMeans with different SUpeTSCripts’ aver sStonuimicant ky 
Ono >) ediffterent . 

used. An increased AIA value occured with increased 
Pompority. rom IN to ON HCl. Thas observation wasecons is tant 
Peoneiose made carlier (lest 1, 5S Jand)6)a,-ocamples ganalyzed 
Toe ewacer In place Of acid, gave Sioniticantly (P< 0205) 
higher values. 


Toesee GF Aeid Volume 


The etrect of cia. volume (Or actd TOfsample ratio), on 
Rikeyatue tor brome @rass was tested Using duplicate 10s 
samples. Ashing temperatures were 650-650 C and acid 
Volumes of 25, 50, 100, 200 and 400 mi of 4N HCL were used 
instead of the standard 100 ml. 

An analysis of variance of the Wesults. of acid volume 
used showed a significant (P<0.001) difference in AIA value 
(Table 8). Use of acid volumes of 200 and 400 ml were not 
significantly different but produced values significantly 


lower (P<0.05) than when 25, 50 and 100 ml were used. 
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Table 8. Mean (+SE) AIA values of brome grass using 
different volumes of 4N.HCl] acid. 


I Sar te eee pee Ty Tc A pa, 


Volume of acid Volume of acid per ATA value ca)? SE 


— (ml) aS a gram of.sample 


25 2.5 3.264% eink 
50 5.0 S280" 0.007 
100 1026 502 DAS 0.010 
200 20.0 Boe 0.002 
400— 40.0 3.088” 0.027 


1 SR Ciemteans.-0..016 2. 

fe Neansswitheditferent- superscripts are significantly 
@e20.05) different. 

The greater volumes of acid not only increased the total 


amount ,orriCl required for,ecach. sample, but also increased 


the time required for samples.to reach boiling point. 
Test 10. Actd Temperature 


Es test, Was .cesiened tO determine wthe erect Of “acic 
temperature, during the acidpdigestiom Step, on estimated 
Atiwcontent.of brome grass. , Threé sub-poiling temperatures 
(2Z0sabenand. 95.0) were used-plus anvintermiptenrt boaling 
treatment....three. further boiling, temperatures were used. 
These were based on temperature settings (low, medium and 
high) of the crude fiber digestion apparatus and thus 
influence the vigor of boiling. Observations were made in 
duplicate samples using ashing temperatures of 650-650 C. 

Results of this experiment showed that AIA values were 


not significantly influenced by acid temperature at or near 
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Table 9. Mean (+SE) AIA values of brome grass using 


Upetecrent.acid.temperatures . PE Pd Ge tyes Aa, tray 


Acid temperature . ATA. value (3) a SE 

euopotmhing 20 C eA 0.044 
Subboiling 50 C 3.044> 0.082 
Subboiling 95 C 2390 OO? 
Intermittent boil 2.9412 0.010 
Low? 2.909% 0.002 
Medium 2.9289? 0.003 
High? Deodas Ney 


Ise of meas 0,305.6 Ge. 
¢~PMeans with different superscripts are significantly 
C2005). dacet erent. 


¢Temperature Settings ‘on the crude fiber digestion apparatus, 


mo tiasio (Table 9)... Therefore, providing, boiling is 
cenicved, any temperature setting on the crude tiber 


Pipes lonsapparatus, could -be~ used. 
eet hl. bot ling. Lime 


thewettect..of acid. bodiang times onpwiiew veduceofiisamp les 
of brome grass was examined to determine if the originally 
euegestedspoaling time of 30 min was critical for ithe 


modified procedure. A shorter boiling time would be an 


advantage and would allow more samples to be processed daily. 


On the crude fiber digestion apparatus available in our 
laboratory, only 12 samples could be boiled. concurrently. 
Ashing temperatures were 650-650 C. Boiling was commenced 


at different times so that samples were washed free of acid 
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Pape 10. “Mean (S86) ATA values of brome grass using 
(Ge ferent bDOLlIng times... - RRR ST. 3 


aa Ee 


Boiling time (min) foo NTA Value ¢3)1 a 
5 jee 5 0.006 

aS Cea C203 

30. Bert ee aso! 5, 206 Orr Ors 


I=: SS 
SE Of nears 0.004%. 
(treatment means not Signiticantly different. 
and ashed, to remove the filter paper, at the same time. 
lve AA value for the 5, 15 and 30°min., boating times 
Pere wou Significantly difierent. (Table 20). It was, 


Poe menore  econcluded that boiling times of either S, 95 or 


30 min could be used to determine the AIA content. 
Test 12. Washwater Temperature 


Because, of the volumes of washwater used and the 
Ceiiiculiy In Naintaining a precise temperature. 10 ‘was 
desivable to know of variations in washwater temperatures 
Hadean etrtect on the ALA value of samples subjected, to 
ind tel ashing . 

Triplicate feed samples were analyzed using washwater 
temperatures of approximately 20, 70, 95 and 100 C (boiling). 
Ashing temperatures were 650-650 C and 1N HCl was used. 

The results for Test 12 are shown in Table 11. An 
anatvoas of Variance ot the results showed no significant 
difference in AIA values when different washwater tempera- 


tures were used. However, it was observed that washwater 
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Table 11. Mean (+SE) ATA yalues of brome grass using 
different -washwater temperatures. ee eee 


ee 
TT ee ee. 


_Washwater temperature (C) ATAGvaduer Cole SE 
ne eg Al Be ee ie. ee 
20 S46 0.016 
70 Sr aval) . 00 16 
95 oe 2.04 OF.i026 
100. (Boiling) 52202 0:02 
uf 


Semotemeans. 0:, 01.044 

iteatment) Means. were not. signaficantlyy differents 
temperatures, of .95 C or higher reduced filtration time. 

With washwater at room temperature (20 C) the filtration 
time was about 20 min but at temperatures above 95 C the 
Pttiecuwere reduced to, about LQ min. Thererore, for analysis 
washwater temperatures became important only in terms of 


tapOoLarory Lime mequirement.. 
Ves, 16. Furnace Diyjjerences 


Electric furnaces! were used for ashing. There was 
Pessible variation in temperatureyandjinsidesair i careulation 
inwand between the furnaces :which would)inéiuence theshlA 
analysis. To determine possible effects of different 
furnaces on the AIA values, brome grass samples (six repli- 
cations) were analyzed using four furnaces. Samples were 
ashed both times in the same furnace at temperatures of 
650<650-G. From furnace No.»4ytwo sampbesnwere lost. 


lLindberg Hevi-Duty Box Furnace with 200-1200 C Range, _ 
Digi tab zsolvd state Console. Canadian Laboratory Supplies. 
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Table 12. Mean (+SE) ATA yalues of brome erassobtained by 


using four different furnaces. 


Furnace qh nme einer Nresb ieis Ce SE 
Ik 3.234 0.008 
2 BIG 0.009 
5 Ota OeH0ie0 
4 Eee) 0.002 


Ise of means Or 00.2 Gr 
imeatment means were not Significantly different. 
Percmcircnpth of ZN HCl was used. 


Vabues from the four different furnaces were not 


pS ouisicantiy different (Table 12). 
Westie id... Aerd Strength and Sample suze 


imfaspre liminary (estan attempt awasmmade tier neduce 
Cie swerolnt Jou) sample to 1.“0-sg using iditfierene jacud qoddsume 
Lovsample weight ratios. However, the results obtained 
when th.0 to brome @rass Samples wene used shad sto beyrejected, 
because of unacceptable large variation in duplicate 
analyses (range 0.015 - 0.396%). Furthermore, it was shown 
ear Wiewe( Rest: (9). that othe wise lof pa hieten acid kotsampic 
Batwo resulted in significantly {P<0.035)) lower Alm values, 
However, it was considered that, if sample size were reduced 
from 10 g to 5 g then smaller crucibles could be used and in 
turn more samples could be ashed concurrently in the avail- 


able sfurnace space . 


The effect. of acid strength, on. iestimated, ATA. content of 
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‘Table 13. Mean AIA values (4) of brome erass and feces 
determined by using different normalities of HCl and two 
Beto Le STS. seeks ae: 
a 
AIA values (%) 


Sample 2 EE NE ER a OS SE 
size dee otic ae ees ties | ene 
a ae ee ie {. se5at:. Gaks Rink 
Ss) ik 2 3 4 5 


1ol PROGS2I) SO1DE Ve 02895 20674. 2 OG hem amed  oendT 
54 B8oo 75.860" 251846.) 54836 pone Souesuoees 0.009 
102 nO Oe 950 788 52976) 5.020 Seton woe 0.016 


1Brome orass. 

Feces from sheep fed brome grass. 

brome grass and feces from sheep fed brome grass was examined 
Pwmeewomtvestes Dy USINS Six normalities (0a, hy eS, 4 ands oh) 
Cie. acid. Duplicate Samples of brome. grass, (10 2), “and 
becese (5c and 10\9) were used. Ashine temperatures were 

Oe oo Omer ti both bes ts. 

The results are presented in Table 13. A separate 
aiciyois of Variance of the brome grass results showed no 
Sienmticant difference between normalities, except fox 5N 
HCl which resulted in a significantly (P<0.05) higher AIA 
value. 

The variation among 5 g fecal samples was less than the 
variation among 10 g samples of either brome grass or feces. 
An analysis of variance of the results of acid strength and 


sample size of the fecal samples showed no significant differ- 


ence between normalities used, but there was a significant 
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(P<0.05) difference between the AIA values of the sample 
sizes used. Mean AIA values of 5 and. 10 g samples were 5.860 
and 5.942%, respectively. The results from earlier tests 
(fest 1 and 8), showed significant differences when different 
normalities were used. Brome grass samples were used in 
plletests where a significant effect of acid normality was 
Pound. win contrast, no Significant effect was evident in the 


above test when fecal samples were used. 
Pe seecona Modtfiteatitons and thetr Evaluations 


An initial ashing step was added to the laboratory 
Dpeocecuresnna previous section.(ILL21Gs)is.bUuUt ano sa ttemnpt 
Maegnade at that stage to examine the effect of ashing 
memperatures on ALA. valuées.+ In this part of the»study 
examinations were made in the first and second’ ashing temp- 
eratures and their effects on the estimated ATAvcontent .of a 
Duepaned ordain. concentratemmixtune, fhromegenass and ,ieeal 
samples. The grain concentrate mixture used was a swine 
ration and consisted of barley (56%), oats (20%) and wheat 
(103) soybean meal (3.5%), meat meal (2%), rapeseed meal 
(3.5%) and alfalfa meal (2%) and supplemented with minerals 
(2%) and vitamins (1%). Feces were collected from two sheep 
that were fed the pelleted brome grass also used in the tests. 
The feces were bulked and well mixed before use in the 
present tests. All sample material was dried to constant 


weight in an air forced oven and ground finely through a 


Christy-Norris mill before laboratory analysis. 
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The individual steps of the laboratory proceduremino xr 
each AIA method are presented in a diagrammatic scheme in 
Figure 1. Ashing temperatures used are indicated as before 
ime we O502650 C referring, RESpPeCtively Stcomiulie scar staeand 
second ashing temperatures of the analytical Drocedaune- 

All ashings were done overnight. On the basis of previous 
Got, welwas idecided™to use 5 ¢ instead of the 0g Sample 
Wiese), 2N HCL instead of 4N-HC1] (Test 1,95) 6cand 24) 


[e@eoeiiieinotead of 74 50 min botling time (festa 


West 16. Firet Ashing Temperature 


Hienadebecn observed=durang preliminary "tests thar 
ainda teed sample at 1000" C resulted in, a nard, "stone 
like residue which could not be dissolved in either water or 
concentrated HCl. The residue had a glazed appearance after 
mcm ost ashine. ~ wilh wbew OL these obserVavlols tl Seemed 
eee to examine the effect of first ashing temperatures 
Onethemestimated ALA content of feed andeteces 4 Trupivcane 
samples of brome grass, concentrate and feces were analyzed 
using first ashing temperatures of 150, 200, 300, 400, 500, 
575. 650. 725 and’ 600 C.- MAgsecond ashing temperatiuvesos 
boUet was used. 

Two values for concentrate samples (Table 14) were 
rejected because of obvious incomplete combustion dur ingen the 
second ashing step. The cause of the problem became evident 
later and is discussed in a subsequent section (III. E.). 


An analysis of variance of the test resuits (Table 14) 
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showed a significant effect of first ashing temperature on 
Piatt valitiess nom brome ‘erass.((P<0.001), concentrate (P<s0.01) 
puoeteces, (P<0.001)- At™the lower first ashing temperatures 
there was an increase in estimated AIA content and at 
Pemperatures higher than about 500 C theretwas also a 

sai caut’ (P<0.05): inéréased ATA contént|in the brome 
Poe and fecal sanptes (Figure 2). “Althoveh sieni fircantly 
Georerent, the 150°C first ashine temperature. caused wa 
wilaibker increase in AIA content of brome grass and feces than 
did high initial ashing temperatures. The use of a first 


teohing. temperature lower than. 200 C resulted in virtually no 


Table 14. Mean AIA values of brome grass, concentrate and 


feccouusing ditierent fryst ashing temperatures. 


Rims tf AIA value (%) 
ashing temperature ae 
(Cc) Brome grass Concentrate Feces+ 
150 ie 0.813> 6) 142% 
200 2.880° 0.7847 5.988% 
300 ae bes 5.921? 
400 2.682" 0. 793° Se we 
500 2601. 0.779% 5 9884 
575 oi” 0.780% e208 
650 os Hees 6.604? 
725 3.005% the eae 6.815” 
800 eeseze 0.788% 1 2e7" 
SE of means 0.018 0.005 0. 024 


he ee ne On Ne ee ee ee 
lReces from sheep fed brome grass. oe 
a-bMeans with different superscripts are significantly 


(PaO 5). ditteremt.. Paar 
2Mean of two values and not used in statistical analysis. 
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combustion of organic matter and was essentially the same 
as no initial ashing. On the basis of these observations 
ioetwe present. test.it was decided that 450 @ be chosen as 


a first ashing temperature for future tests. 
Test 16. Second Ashing Temperature 


Since the previous test showed a significant effect of 
the first ashing temperature on AIA content of feeds and 
feces it seemed necessary to examine the effect of the 
second ashing temperature on AIA values. Furthermore, if 
450 C could also be used as a second ashing temperature then 
Sooues stor either the first or second) ashninececould be. done 
Bimuneessame time... Triplicate samples of brome grass, 
concentrate and feces were analyzed using second ashing 
temperatures of 300, 400, 450, 650 and 800 C; Samples: were 
MiieiadiVveashed: at 450. 

Aneanalysis of Variance of ALA values showed 4 
Eapnercant.(P<0).001) effect rom the ase jorgditierens 
second ashing temperatures for both feed and fecal samples. 
It is apparent, however, that a significant difference arose 
mainly because at the lower temperatures there was incomplete 
combustion of the filter paper (Table 15 and Figure 3). At 
temperatures of 450 C or greater there was apparently 
complete combustion and there wére no significant differences 
in estimated AIA values of either feed or feces. 

In view of these results it was decided that 450 C could 


be used as the second as well as the first ashing temperature. 
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Paole=s. Mean ALA values. for brome grass, concentrate and 


feces by-using different second ashing Lempera ture oe 


Second eur -n cALAuvalues (2) 
ashing temperature 
(Cc). a Brome grass. Concentrate Feces! 
300 O£515¢ th Rasa 10% 0am 
400 ogee eee 6.804? 
450 he 028255 5.846" 
550 20a On7o7 Laer 
650 Da 728 Oee20* Le 
800 Re gales 0.806° 5.860% 
SE of means O02 0.064 0 


BUGS 


lFeces from sheep eaybrome, crass . 

4-OMeans with different superscripts are significantly 
(P0205) ditterent. 

However, ‘care must be taken that the furnace temperature 


Gpoavcemearie50 C (e250) for the first chine ulne: Seco 


eshime Was less critical providing Lt nemained above 400°C. 
Discussion of Laboratory Procedures 


Onethe basis of resus from lest to or the 2eiCy 
method was established (for detailed steps “see Appendix "3 
and Figure 1). The changes made to the original 4N HCl 
laboratory procedure that led to the 2N HCl method are 
discussed below. In addition observations made during the 
laboratory analyses, especially with regard to laboratory 


time and efficiency, are also discussed. 
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Intttal Ashing 


Adding an initial ashing step to the 4N HCl laboratory 
procedure eliminated the odor problem during acid digestion 
and allowed samples to be processed more quickivy'wiutnouc tire 
necessity of a fumehood. The initial 450 C ashing temperature 
also gave more consistant AIA values than no ashing or higher 
ashing temperatures except when a swine ration was used 
(Figure 2.) Furthermore, when the crude fiber digestion 
apparatus was used, samples could be digested in Berzelius 
beakers (without spout) which allowed for more even boiling 
of the sample “mixture and easier and quicker rinsing of the 
beakers. ithe Erbemeyer flasks, suggested tor use with the 
eich eraboratory procedure, .can nov, bertused on a crude fiber 


digestion apparatus. 
Sample and Cructble Stze 


Reaucing the sample Size from 10 Coro ¢ Size appeared 
to give slightly lower AIA values probably as a consequence 
of the higher acid to sample ratio. The reduced sample size 
would facilitate obtaining sufficient sample where Sample 
material might be limited. For example, when digesta is 
collected at intermediate stages along the digestive tract. 

With the use of a smaller sample Size it was also 
possible to use a smaller crucible. The 4N HCl method 
employed a 100 ml crucible in order to have enough space 
for the filter paper containing the acid digested sample. 


By introduction of the smaller Sample Size-a 50 ml crucipre 


provided sufficient space for the initial 5 g of dried 
material. This not only allowed an increased number of 
Samples to be put into the furnace at any one time, but also 
With the smaller crucible there was a reduced exposed surface 
and possible moisture absorbtion during weighing was 
reduced. Empty crucible weight was determined by reweighing 
the crucible immediately after the ash was brushed from it, 
Seewsequence 1of steps in analytical: procedures shown in 
Hiounrcei Predetermination, of empty crucible wéightywas itor 
the 4N HCl procedure was considered to be less acurate 
because ot possible iday to day variation Hn ithe mowstune 


Goncenme tom tine icrucib kes ; 
Pe~awNormalicy \and BOLlLing Dime 


EPyom fhe) several tests mm ttheveiteces! omyacid tsitrencth 
Cra are nie tet wasomott always ‘clleaw Bhat itive: useter ZN dCi 
genres tliower: aid) moves cConsasitant, ALA wadues, Milowever Pin mone 
On wines bests was the ALTA value signitacanuly mhaanex om more 
Nana billes when, iZN HGikaeas sed: rather than aN HiGiss wal 
addition, twice as much acid is required when 4N HCl was used 
as-ccompared: to ZN HCl. » Thevabove withy Ghe iaddedsarety 
factor to laboratory staff with 2N HCl rather than 4N HCl, 
as tar acacid vapor or direct spillage a3 concerucd, were 
additional factors in changing from 4N to 2N. 

In view of the nonsignificant differences with boiling 
times of 5 and 30 min (Test 11) and on the basis of results 


obtained in Test 4, it was decided to use the 5 min instead 
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of the 30 min boiling time as described in the Original 
laboratory procedure. The reduction in time in this Step 
increased by several fold the number of samples that could 


Demanalyzed each day. 
Washing and Transferring the Sample 


Ine anitial @shing weduced the amount of sample 
PoMainane for acidydigestion. With the ismall amount sor ash, 
washwater filtered substancially more quickly than when the 
4N HCl method was followed. Also, the amount of washwater 
mequired was less than half that of the 4N HC) procedure. 

Meter washingtiree of acid the spre-asned: sample could 
DewGuicKly-and more readily transfernedsback into ‘ic 
crucible because the ash contributed minimal weight and 
AGaeaeno eunesive properties to the filter paper. Particular 
Gaueviad tol be taken in transferring ja filter paper 
containing the unashed sample, to prevent breaking of the 
filter paper. Furthermore, if unashed samples were placed 
iaveoe tie.(crucible* when too wet, water ae the Dotcenorttine 
crucible would form steam when heated in the furnace and on 


occasion sample material was blown out of the crucible. 


Second Ashing 


The second ashing in both laboratory procedures 


served the same purpose, namely, to remove filter paper from 


= Ae 
the remaining ash. Results of the use of different second 


ashing temperatures showed that a second ashing temperature 
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Of 430 UC could be used equally as well as 650 0G. By use of 
Picmaamemlennoratures: for ithe first Jeand secotd vasa ne iat 
Woop OsctoiLe, tors tirst or second “ashitnoes= to pe, done am the 


same furnace. 
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KH. Furnace Capacity 


mourn laboratenrw,.~ limited Space and Cleetric power 
supply prevented the istallation of more furnaces. In 
order to increase the number of samples analyzed peraday 
a perforated porcelain shelf was installed in the furnaces. 
This allowed 48 samples instead of the regular 24 samples 
Umi crucibles) t6 be ashed at. one time. However, when a 
new furnace! was modified with a shelf to hold 48 Sampue Sel t 
was found that variations in AIA values between duplicate 
Samples were unacceptably large. It was normal procedure to 
Pepeal any duplicate analysis with a Standard deviation of 
pone than ,0.050% AIA. 

Despite the attainment of the prescribed temperature, 
it was suspected that in the new furnace there was incom- 
plete combustion due to lack of air exchange. It was 
estimated that for complete combustion of 240 g of organic 
Matter (48 samples x 5 g) approximately 20,000 2 of air 
Exchance woul “be *required. To test “ar Teckeot aixv@exchange 
was the problem the following was undertaken. Twenty four 
Crucibles Gach containing two Whatmann No 41) filter papers 
(about 4.7 g of paper) were placed in the furnace in known 
positions (Figure 4. a). A glass tube, sealed into the window 
of the furnace, was connected to a vacuum line via a flow 
eer Ady was Withdrawn at either 0; i. 2, Soand 4° 7/min. 
1. Lindberg Hevi-Duty Box Furnace Witte ya L200 6G Aeaane. 


Digital, Solid State Console. Canadian Laboratory Supplies. 
2. Roger Gilmont flow meter, serial No 2-439. 
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In addition, one test was done with the glass tube removed 
ana the furnace door ajar (5mm). Air was withdrawn rather 
than blown into the furnace to reduce: the possibility crash 
being blown out of the crucibles. Ashing temperatures and 
times were 450 C and three hours, respectively. 

If complete combustion had taken place negligeble 
amounts of ash (less than 0.01% of the PAPEL Welcints Or 
0.0005 g) should have remained in each crucible. Closure of 
the furnace door during combustion without withdrawal of air 
Pesulted in) amounts of unburned material (10 to 153) at alld 
Sites. A definite improvement in combustion was observed 
michyactive air withdrawn (Figure 4). At 4 72/min active 
airflow there was virtually complete combustion of the filter 
peverwsaam the Center of the furnace. leaving ‘only the: orome 
and back rows with some unburned material (up to 0.05 g). 
iijeam attempt to obtain practical méans* for amplementation 
@uvime routine laboratory use of the new murnace, the: doog 
was left ajar, approximately S mm at the top. it appeared, 
however, that the partially opened door let in too much air, 
thereby preventing the temperature from rising sufficiantly 
for complete and even combustion (see front three rows, 
Figure ,4. f). 

In checking out similar furnaces but ones that had been 
in use for several years it was observed that the furnace 
door contained a thin coat of black residue which prevented 
the door from being totally closed. The opening around the 


door and gaps in the fire wall apparently allowed sufficient 
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A oecowrenter nto these older furnaces thug 4idowiie 
Sonmuere conbustion., From the results obtained in the 
above test with the new furnace it was decided to ash only 
24 samples in each furnace at one time. Since the center 
Pocuon appeared to give the most reliable ashing eee 
ieocaunpilcc were placed on the bottom Of the furnace “and the 
tTemaining 12 sampres_on the shelf, both-sets were placed 
Weammime Celter region of the furnace. Furthermore. the 
door of the new furnace was left ajar to maintain a space 


Oreo pout 5s mn between the door and. the furnace. 


Po Composit tion of ATA 


No published information was available on the composi- 
tion of ATA. Therefore, an attempt was made to obtain the 
chemical composition “of ATA. 

The following materials were analyzed: (1) AIA 
obtained by 2N HCl analysis of alfalfa and a Darleycoaus 
grain mixture; (2) AIA obtained by 2N HCl analyses of feces 
from sheep fed alfalfa and the barley-oats grain mixture; 
(oy och residue from filter paper, Whatman No 47 3;"and (4) 
residue of ash washings from the 2N HCl analyses. 

These samples were analyzed with an X-ray fluoresence 


spectrometer at the-Aiberta Research Council, Potassium 


content of the samples were determined by atomic absorption2. 


iieadattton, one ALA sample (barléy=oges -crain mixture) was 
Biebveed Tor crystal (‘structure Dy A anavnd it tec UL OM uate cue 
alberta Research Council. Samplés containing known .quatia— 
tres Of silica, potassium and iron were prepared and used 
as standards. The spectrographs of the known and unknown 
samples were then compared and the percentage of the three 
major elements estimated. 

The major elements detected by X-ray fluorescence 
spectroscopy were silica, potassium and iron. The analysis 
of potassium by atomic absorption showed a mean (+SD) 


potassium content of 0.56 + 0.08%. 


1. Model XS-25 DSR; Nuclear Diodes, Inc. 
2. Techtron PTY. Ltd. Melbourne Austrailia. 
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Comparing the Spectroerapnhs of the known and unknown 
comples: the mean iron Content of the samples were estimated 
at approximately 0.005%. Other elements detected could only 
be estimated as being present in negligible amounts. The 
ATA sample analyzed by X-ray diffraction showed. an amorphous 
Silicom structure. 

On the basis of these analyses AIA was judged to be 
More nan 99s Silica, [he presence of potassium was 
wecountea Lor by the ash residue fromthe titer papers: 
Also, the, presence of iron and the trace amounts of other 
elements could be explained in terms of ash residue from 


filterpaper, rather than sample residue. 
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G. AIA Content of Common Feedstuffs 


ipatne ALA method is ito be used it aould be desarable 
to have some indication of the ATA contents of common 
peedsturis. . To obtain this information 81 samples. represent- 
ing some 20 common animal feedstuffs were kindly Supplied by 
Dy, Martin of the Provincial Soil and Feed Testing. Laboxa- 
Popaot the Alberta Department of Agriculture. These 
eles. with some samples of wood shavings used for animal 
bedding, were analyzed for AIA content by the 2N HCl method. 
The additional wood shaving samples were included because 
when the AIA method is employed to estimate digestibility 
it is important to know not only the AIA in the provided 
ration but of all. material ingested by the animal. Bedding 
material, such as wood shavings or straw material may be 
consumed by the animal. This material may,contain AIA and 
Pienot accounted .for woubd bias «the estimates of digestibility 
GCOerticaents.- In.addition, the AIA content of a sample of 
rumen microorganisms (bacteria) was estimated by the 2N HCl 
method. 

The results of the AIA analysis are summarized in Table 
16. <A large variation between feeds and also within feeds 
was observed. The coefficients of variation of some feed- 
stuffs with low AIA values were very high. The variation 
between AIA values within the different feedstuffs may be 
the result of various factors. 
(1) Homogeneity of samples. Samples were allocated names 


according to the predominant plant spcies present, but may 
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contain other plant materials. Sample composition in terms 
of leaves to stem ratios may vary considerably. Since AIA 
Consists of 99% silica: (IIT.. F.) andisiddical contents varies 
between plant species (Russel, LOO1s L pee 556 ese we isl aca 
Detween parts of a single plant “(Jones ettaly 1905) 20 a 
considerable variation in AIA values may woul Been two 
Samples given the same name by the Provincial Soil and Feed 


Hestaing, Laboratory’. 


(ieeMaturation-of plants at: time of Sampling.) Mature plants 


muewrecoonized ‘to contain’ more silivea than young plants 
(Jones: and Handreck,, L965D)). 

Gs)e, Geouraphic’origin® ofisample material. Several factors 
SUcieas pH of the Soil (Jones and Handreck, 196055) > nutrient 
Supply atPiletcher and shurtz, 1964), teranspirationm races 
Molde and Alakahnasha, 1964) and salt cencentrations Ulu: 
Hosa) antluence the levels of silica an plants. The samples 
iste sin table 16 came trom ditferent wmegrons of Ehe 
rovanen of Alberta. 

In general terms, AIA values in straw were the highest, 
followed by hay and grains. Legumes appeared to contain 
Jess ATA than grasses. On the other: hand, Als content an 
wood shavings was very low. Because the wood shavings 
showed a low AIA content their contribution to the indigest- 
ible component of the feedstuffs is greater than to the 
AIA component. Therefore, wood shavings used as bedding 
material and consumed by the animal in appreciable amounts 


during a digestibility trial, will have a significant effect 
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puee teedsturf) digesmiba laity, 

The AIA analysis of rumen microorganisms (bacteria) 
revealed an AIA content of 2.56%. The sample was taken 
from a cow grazing a brome grass pasture of undetermined 
moh content. 

the ALA Level of these,-orgnisms appears to be tivoh 
relative to values.in many’ feedstuffs (lable 16). ‘The 
Westion Of the origin of the AIA in the microorgangsms ws 
Paererore, raised, Also, isithe AIA levels.or these 
Sreaisis directly relbated=to the level? om AIA in the teed? 
At this stage these questions remain unanswered and further 


iImyestigations are necessary. 
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Table 16. The AIA content of common feedstuffs determined 


by the 2N HCl method. 


Feedstuff 


Sample 
number 


Dry Matter 


(%) 


AIA value 


(%) 
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GRAINS 
Oats 


Barley 


Wheat 


Fababeans 


STRAW 
Oats 


Barley 


Wheat 


90% 
G1 
oer 
89 
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89 
80% 
89 
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89 
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Table, 26 (cont. ) 


SSS 


Feedstutf Sample Diy Mateen ATA value 
number (%) (3) 
site aL OE a Phe 1) eS PS eres Sh ey 
Wheat 4311 94.83 4.730 
HAY 
Native Grass Saas Ono 3.440 
5326 O20 5)5 1s. 06:5 
Brome 5:02 Oy O4 de. 
4671 OD eZ Oya re 
4551 WA Re) 2. 830 
4928 ESA 5.614 
4868 88.20 eee 2 
Alfalfa 4692 86.74 Ves 
4673 SHO SHS Oa 07 
4660 SEUSS, 0... 3:07 
Grass-legume 4787 O77. OS IyO815 
S932 Oe. Se 0.800 
4729 Oly ae 0y..7.G5 
S050 OFF 08 1.470 
Oat 4793 Ode OS on 
4778 Oy, a5 ly. ois 
4657 92.64 Ie 20 
4618 927 a4 i oi085 
4600 84.23 2207. 
Clover (sweet) 4783 91.06 0.060 
4308 92, 9% 0.204 
Timothy 3848 O28 25 203 
4504 SS 50 3.794 
4338 OS e49 L803 
SILAGES 
Oats 4650 Od. 80) 2s, LOS 
5042 aa ese! I OFS 
4998 O05 Sal. 1p, 9:05 
4925 OT eaal 2.206 


ape es eU6 + cont.) 


Peecsturt Sample Dry Matter AIA value 
number (3) (3) 
ee ge ey ee Oe Te ee 
Grass-legume 5065 89.78 Lees. 
5068 Dee ISR 2S 
4869 S020 acd 
5309 91.75 0.840 
Corn Silage 4713 90.02 Saas 
4546 So al 1.364 
4939 Bose Vases 
4897 91.64 13874 
4844 02s L3Zo8 
SPECIALS 
Dehydrated alfalfa 
Pic ekets 4788 Oo) Dig RIS! 
4777 O Sa 0.489 
4613 9208 Oe 
4519 Oa 42 Oe 756 
4521 92.46 Cig es) 
Screenings 
(rape) 4699 81.10 2.889 
(flax) Sy 8 Ae O2, Ad OOS 
4937 U2509 7.488 
Supplement -grain 
massed 
(hog ration) 3936 90.84 0.299 
(dairy ration) 4709 BO he Tce 
(beef ration) 4663 92.05 1 ate: 
WOOD SHAVINGS 
Cedar Sele 0.019 
Fir SB ie if Oei24 
spruce 91.74 0.320 
Mixture as off Truck 90.40 0.019 
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H. Compartson of Three AIA Laboratory Procedures 


Three AIA laboratory procedures are now available. 
Conc. HCl) (Shrivastava and Talapatra, to2a), 4NeHncl 
(Vogtmann et al., 1975) and 2N HCl, see Append 1 Xols 5 i7e and 
Sperespectively, for description of procedures and a schema- 
tic summary of each is contained in Figure 1. The Conc. 

HCl method was not fully described in the original publica- 
tion (Shrivastava and Lalapatra., 1962a), (but was 


ieeroreted and used as shown in Appendix 1. 


fipiht Ss Section, 15. lreponted an vexaminatwonot slaboratory, 


time and equipment requirement for the three AIA methods. 
Other factors such as convenience, odor and safety are also 
considered. 

iiean attempt to) obtain unbiased xesults for each 
laboratory procedure the summarized data was based on obser- 
vations made over an extended period of time. During this 
time, seventy two samples of both feed and feces were 
enulyzed by each of the three laboratory procedures. 
However, analyses were done and expressed on the basis of 
batches of 12 samples. This was done, because the labora; 
tory equipment for washing the samples free of acid could 
accommodate 12 samples in each batch. 

A major difference between the three AIA procedures is 
the time taken for various steps and number of ashings, 
Where the Conc. HCl and 2N HC1 laboratory procedures started 
with an initial ashing after sample preparation, samples 


analyzed by the 4N HCl procedure were acid digested before 
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ashing. The first ashing step eliminated objectionable 
odors that are associated with acid digestion, a problem 
especially with fecal samples. This step also eliminated 
the need of a fumehood and made it possible to use a crude 
fiber digestion apparatus. However, two ashings added time. 
Fomine procedure’, 

Incorporation of dry matter determination at the begin- 
Mineo the laboratory procedure, as an*the Conc. HCl and 
ZN HCl methods eliminated the need for separate analysis of 
dry matter. Therefore, dry matter and AIA measurements were 
done on the same sample. Determination of empty ‘crucible 
weight after the ashes were cleaned out was considered more 
desirable than estimation of empty crucible weight at the 
Stance or-the procedure. "Thais minimized possip le varrau Lon 
among empty crucible weights. 

Pie ‘Conc. HCl-method required the use lor 150, aml 
Cructmless. “The 4N HC) and ZN HCl methodseequired 100 sand 
50 mi *erucibles, respectively. The smalfeor crucible had 
several advantages. They aliowed a greater number of 
samples in the available furnace space “and: recuced the 
number of desiccators required for cooling the samples. The 
smaller surface area of the 50 ml crucibles reduced possible 
moisture absorption when exposed to the air during weighing. 
In addition, it was more convenient to handle the smaller 
Sized scrucibles . 

ite Sickeen from the use of the hot plate in the fume- 


hood (4N HCl method) to the use of the crude fiber digestion 
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apparatus (2N HCl method) for acid digestion provided more 
even boiling of all samples. It also allowed the use of a 
Berzelius beaker rather than an Erlemeyer flask as a 
container for the acid-sample mixture, thereby easing the 
Etasang procedure. Furthermore, putting the sample beakers 
bathe “crude fiber digestion apparatus saved ne and was 
€asier as compared to attaching the portable condensers 

(4N HCl procedure) to the Erlemeyer flasks. 

A summary of the estimated time requirement for the 
tives. laboratory procedures is shown in Table 17. Times 
were divided into (a) laboratory occupancy time (requiring 
presence @f operator), and (b) laboratory time: (not requiring 
Pace -cice O1 Operatom)., Different time: periods tore weLonine 
tie angtial samples in each procedure, were the result of 
different sample weights used between procedures and the 
ease of transferring the weighed sample material into their 
Respective containers. 

Boiling and evaporation (acid digestion) times (Table 
17 step 7), included in the total laboratory occupancy time, 
represents the necessary preparations that must be made 
before samples could be washed free of acid, such as folding 
filter papers, providing hot water, etc. 

Rinsing containers (Table 1/7 and step 8) accounted for 
more time in the 4N HCl procedure as compared to the other 
two procedures. This was due to their shape and the 
quantity of sample they contained (Erlemeyer flasks) and it 


wae more difficult to achieve complete tranuster of residue: 


62 


63 


Le is ib SOTQTONID pue yse STqNTOSUT SuTystom ZT 

U U u SUTUSY TT 

T S T SSTOTONAD O1UP So dies Ver cure. sr 

S G 02 OT Si ST ptoe FO saLlzF sotTdwes SuTysem 6 
C 0Z OT Sloyeeq 10 SyseTT ‘seTqronid sursuts 

SAaICSATOLZ DAU JOO ele mole Lia 

S 0¢ S Cy S SUT] SUIIELOCEAS 210 curio 1% 

S S SL i9zemM L0/pue [DH FO UOTITpPpy 9 

c SLOyeoq OJUT YSe AozFsueA] 

u 12 OT suTYUSY ¥ 

OT OT so[dues potip SsuTystom ¢ 

OZT OZT DV Sol 12 suena 7 
Cy 0S OZ S¥SCTI t9eA9WeTIG 10 SdTqton1id 0} 


IOFSuvIy pue seTdwues [eI TUT BSurTystom tT 


(4) (2) (4) (2) (4) (2) 
TH NZ TOH Nv TOH *2U0D uot zdtTissaq do35 


(uTW) petltnbsel out 


“Sspoulew o5iU) [[e@ 107 petinbez jou o1e sdeas [le teu S30N “seinpedo 7d 
ALozyeioget Viv (1OH NZ PUe TOH Ny “‘TOH °9U0D) sey 9Y4y Aq Sopdues 77] SZ AT euee ad 
perinbex (10aeredo so aduesead Sutztnber you) ewrz Arojyei1oqeT, (q) pue (10;,¥e10d0 


FO 20USSoId oULLINDSt), oll1}, ADUPdnNDD0 ALOZeTOgeT (8) FO UOTIVUTISH “/7T sae 


64 


°3x92 9905 ‘paztnbez st 
BUTUSE IY-G @ S19YM [DOH “2UOp ZO} SuUTYSe aSIE} TO; adedxe es suiyse JysturoNo 


= ey 


Ibe 6 Ute 7 UZ+OTS JUSTIOTTNDSL Sut} [TTe19A0 
uZ+SCT U+OLT Uz+0TZ suT} ALOJeLOGeT TeOL 
99 vAGHE 90T Slira ADURdUNDDG AROTe1Ode 7, =petop 
OT soTdues potip SuTYysToOmM 9T 
O2T ae Scale Ces ee ean 
OT 3 ie1zew ALp 10F sotdwes Butystom fT 

OT OT SOTQroOnto 
Ajduo Surystem pue Sutues[) ET 

(q) (@) (q) (2) (q) (2) 
TH NZ ITOH NP TDs  SU09 uot IdT19s90q dsas 


(uTW) portnbsr sutyl 


20S) aie eT Sek. 


65 


Time required to wash samples free of acid (Table 17 
step 9) was greatly reduced by an initial ashing of the 
Samples. Ashing reduced the total amount of sample material 
and allowed washwater to filter through rapidly. The Conc. 
HCl procedure required concentrated HCl acid which increased 
the total washing time. 

Materials and equipment required for each of the three 
Eeporatory procedures.are shownin Table 18.) For the ereater 
part common available laboratory equipment was used, with 
the possible exception of the portable condensors (4N HCL 
Hewnod) for acid digestion. However, if no crude fiber 
digestion apparatus is available, a hot plate can be used 
topponie the. samples. ‘During the latterypari@or the studies 
tite conventional electric kettles, used to provide hort 
washwater, were replaced by a continuous hot water warmer. 
Koround bottom glass bowl (12 2) was connected to the 
(teri iledqtwwater source. The water im the bowl was “comemu- 
ally heated electrically or by the steam supplied to the 
laboratory. In addition, a special hot water dispencer was 
devised to wash four samples at one time. “This set-up 
provided a steady supply of hot distilled water and reduced 


total time required for washing samples £ree Of ACG. 
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Table 18. General observations and a comparison between 
enem@onc. HCl, 4N HCl and 2N HCl laboratory procedures 


on the basis of materials (per sample) required. 


————————— eee 


AIA laboratory procedures 


Pescraption . = i Ls pins ak OTIC Cdk 4N HCl Ze Hd 
No jof. days, for analysis! Ks) Z 3 

No of ashings 2 1 2 
Ashing temperatures (C) 650-650 650 450-450 
Odor during acid digestion none yes none 
Normedaty of HCl. acid LiSuZN 4N 2N 
Concentrated HCl (ml) oy) 5p 16 
Hot distilled water (ml) 300 750 300 
Drying oven yes yes yes 
Furnace yes yes yes 
Steam bath yes 

Grucemtiber digestion apparatus yesé 
Fumehood yes yes 

How plate yes 

romtabie condensor yes 

lexpired time from start to end of analysis. For breakdown 


of time requirements see Table 17. 
2A hot plate and portable condensor can be used: 
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I. Compartson of AIA Methods Using Animal Feedtng Trtals 


Experiment 1. Evatuatton of AIA as a Natural Index 


Substances tn Ruminant Digestibility Studtes 


The objective of this experiment was to compare the 
digestibility coefficients of several ruminant oman 
determined by the.total collection method, with the 
digestibility coefficients estimated using the AIA natural 
index substance. Three AIA methods Conc. HCl, 4N HCl and 


ZN HCl were used and evaluated. 
a. Experimental destgn, antmal management and rattons 


The digestibility methods were evaluated using mature 
Suffolk wethers (79-86 kg), kept indoors and individually 
housed an taiberelass metabolism cratess “faleie nations (lable 
iojavwas ted to twe-isheep twice daily at a level of approxi 
Motel il. 2 times maintenance. ‘These leveds  wene calculated 
according to the equation presented by the National Research 
Councal (NRC, 1968) which relates the mainenance metabodize=- 
able enery requirement to metabolic size. 

Kcal = 112 x body weight (kg)°®-7° 
Feeding times were 0930 and 2100 hours. Calcium and phos- 
phate in the form of ground limestone and dicalcium phosphate 
were provided to NRC requirements and) put intovthe: feedveach 
time the animals were fed. “Sand (20:0 @) ‘added to rations 


4, 5 and 6 (Table 19), was mixed with the feed and moistened 


to prevent settling out, before the animals were fed. Water 
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was available at all times and fresh water was given once 
daily. 

The choice of ration for the present test was based on 
predicted differences in chemical composition, AIA content 
and digestibility. Alfalfa pellets used were supposably 
from a single batch from a commercial plant. They were 
Obtained in paper.bags of 22.7 Ke weight: No attempt was 
madeyto'rémix the pellets after delivéry.” ‘Rations’ 7 and 8 
Biabiewl9)) consisted bareely of brone grass (Bromus spp.) 
and some crested wheatgrass. They came from two different 
batches and were considered as two different rations. The 
concentrated barley-oat grain ration was prepared in a 
Single batch at the University of Alberta feed mill. The 
sand added to rations 4, 5 and 6 was obtained by ashing 
fovermicohteat 650 C) black garden soil. “The ash residue 
that passed through the screen (0.840 mm), was washed in 
arratedtiGl washed “free of acid’ and drrved:* Particalim@sazes 
On Etlie-remaining material, termed “sandy were determimed by 


water washing through a series of sieves. 


b. Feed and fecal collecttons 


A minimum 30-day preliminary period was allowed for the 
animals to adjust to each ration before the 8-day collection 
period. During the 8-day period daily fecal samples were 
collected every 24 hr (0900 hr) fron métal trays: lined with 
nylon window-screening beneath thegveratestioors.:  Totas 


daily fecal outputs were weighed using a top loading balance 
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to the nearest one-tenth of a gram and dried to constant 
weight in aluminum pans at 55 C in a forced air oven for 
three days. Feed samples were collected each day and dried 
in the same manner as the fecal samples. Both, feed and 
fecal samples were finely ground using 2 Christy Norris 
mill! and stored in polyethylene, bags ait Ot uLOmlanona tomy 
pidiysis, Samples representing a constant proportion, of 
daily feed intake and daily fecal output of individual 
Sheep were combined to make one composite sample of the 
8-day collection period. Composite feed samples did not 
Pomtain sand, ground limestone or dicalcium phosphate, “fhe 
sand, ground limestone and dicalcium phosphate were analyzed 


independently for AIA content. 
Bameeuaglysits and caleularirons 


ihe dry Matter contents of feea and, fecal Samples were 
determined as prescribed by the AOAC (1975). Nitrogen was 
determined by the macro-Kjeldahl method (AOAC, 1975). 

ATA scontents of feed and fecal samples were calculaced 
with equations as shown (Appendix 1, 2 and 3) for each AIA 
method. 

Apparent dry matter (DM) digestibility coefficients 
were calculated with the formula 


% Apparent DM digestibility = 


0 


feed DM (g)-fecal DM (g) 


10:0 x 


ea Model Now 8, Chelmsford, England. 


is 


d. Stattstical analysis 


Analysis of variance and regression analysis were done 
with computer programs available from the UNIVerST ty Ob 
Alberta Computing Centre. Duncan's New Multiple Range Test 


(Steel and Torrie, 1960) was used in comparison of means. 
See HeSuULTS 


Presi tA content ,Glable 20) of the rations Trance orom 
0.15 to 3.08%; the lowest values were found in alfalfa 
(ration 3) and the highest in brome grass (rations 7 and 8). 
Addition of sand increased the AIA content of the rations 
by 1.45 to 1.80%. There were differences (P<0.05) in the 
estimation of AIA obtained by the three AIA methods further 
indicating the empirical nature of the AIA method and the 
miportance of consistancy» of laboratory analysise==-Repeat- 
Abeity of duolaicate analysis was 02023 Aine, better Dor 
tlietores methods,and duplicate analysess wriehnvattierear by 
More whan this amountiwere repeated: 
Approximately 8% of all analyses needed to be repeated. 

Aeiinears Significant (P<0s01) and positive relation 
ship was found between digestibility coefficients from the 
three AIA methods (Conc. HCl, 4N HCl and 2N HCl) and the 
total collection method (Table 21 and Figure 5). There 
was no significant difference (P<0 05) dn variance and slope 
between the three individual regressions. Intercepts 61 the 
regressions of total collection and Conc. HCl and 2N HC1 


were not significantly (P<0.05) differsué “aur they intercepts 
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Table 20> Percentage ATA tn rations determined Diy t ies 
AIA methods. 


AIA 
method — Ue 3. AG 6 7 8 


Mean 


Conc. HCl LRA 2 OS b 021s 06 25602201 5.06) 5 0e uee 
4N HCl Tee 25 whl 6807 UNO 222570 2c 29 OT, S28 IEk pees 30 
— 24N HCL 1.40 OOO a a8 5 Las 0 PL ei0 270 Si Zs ae la 


lsee Table 19 for ration COMpOSUtTOle 
a-CMeans with different superscripts are significantly 
(a005) different. (Sh of means) 0..0215)¥, 


taigte, Zie Relationships between dry mauterrdagestibalicy, 
coefficients (%) determined by the total collection (TC), 
anenGl-and 2N HCl methodss 


Regression em SED RSD 
hom 6.72 + 0.87 «conc. HCL 0295s Ove ted: aaea pig pe 
Gm ey eo 0,90 ANP HCl 0. 96" aids): +2506 
heme + 069 ZN HEL 0.98**% £0.08 tok 


Ree als es 8 a ie ee ee ee eee 
T=wCorrelation cocrricieng, 

ced = Standard. deviation of the regressiom Goctticient, 

RSD = Standard error of estimation. 

oS P207 05) 
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TOTAL FECAL COLLECTION METHOD 


DIGESTIBILITY COEFFICIENT [%] 


80 
70 
60:- 
50 Pe 
v f¢ 
eG Aerie ersten ered ETA! bt Lore: eae feted ts | 
50 60 70 80 
ACID-INSOLUBLE ASH METHOD 
Pagure. 5. Relationships between dry matter 


digestibility coefficients from three AIA methods 
(cone. HCl, 4N cr and 2N HC1) and the total 


collection method. 
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for both these regressions were different (P<0.05) from the 
Perresston involving the -4N HCl method. 

An analysis of variance of the digestibility coeffi- 
eients showed that most of the variancés arose from differ= 
enecs 12 vations (Table 22) but there was also a significant 
(P<0.05) difference between various AIA methods (Table 23). 
While none of the AIA methods differed significantly from 
the total collection estimates of digestibility, the 4N HCl 
method provided estimates which were significantly (P<0.05) 
Pw eater than those estimated by the Conc. HCl and ZN Aci 
methods. 

The mean digestibility coefficients of comparative 
rations with or without sand? were nots lena veanbiy) ditfer— 
Cot claple 25). 

Using the measurements of feed intake and fecal output 
and ATA comtent. ii each, westimates were obtained of the 
percent AIA recovery in feces (Table 24). The mean AIA 
recovery using the 4N HCl method was SHontrrcanta ye. (P20ee,) 
Greater thansfor the other two methods. However, none of 


the means differed significantly from total (100%) AIA 


recovery. 
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Analysis of variance of the effects of rations and 
AIA methods on estimation of dry matter digestibility 


— Source of error Se er ada -e Mean Square Bee Vale 
chine ee ee eee oe Os ee Soe Be A 
Rations 7 S0 S298 LOS 045% 
Methods 3 lg 549.0% 
Error Zi ma D9 
otal 2S 


df = degrees of freedom. 


*P<0.05 
Pa. 01 


fable-23. 


rations (Table 19) €stimated by total collection and three 


ALAS methods. 


Two animals Were Gised  forvesehuita biom 


Meanikdry matrerydpcesitibiditiweacoer rerents (4 \oe 


Rota AIA method 
Ration collection 
method Cone. Hel AN HEL ZN HCL Means 
il 76.2 TAG 70 fe oe 74.4a 
2 63.0 61.0 64.1 61.5 62.4b 
3 aay 50.8 Bou oy hay 53.1cd 
4 aes 70.9 74.4 Rites Toe te 
5 O37 56.7 wads 58.7 60.4b 
6 hes! Salers 51.6 49.7 50.8¢ 
7 56.5 55.6 55.1 GA 55.3¢ 
8 54.4 57.0 55.4 55.2 55.5¢ 
Mean 60.gab 59.78 62.0b 59.4 


a aera a ara 
4-Cveans with different superscripts are significantly 
(e-0205jditferent. (ek of means 0.61%). 
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Table 24. Mean recovery (%) in feces of AIA. Two sheep 
Weme used for each ration. -ATA content aneteea and teces 


Was determined by three ALA -methods. - 


Ration — Conc. HGi. fe aN GEL Gl ee oN HG. Means 
1 91.8 ohne) 85.6 90.84 
2 ose LR 96.4 98, 3bc 
3 98.3 tas eo 130 Ove 104.94 
4 97.5 ORS) HOO 102.94 
5 84.0 96.9 87.8 39.64 
6 10256 OZ se 98.8 101.3ab 
7 eal O70 95.0 96.7¢ 
8 106.1 noe Toto 103.44 

Mean 96.72 10s500 95.84 


a d - . . ar . - . 
"Means with different Supeérscripts are Signiticantly 
@p0.05) differen’. ) (Sh of means i445): 
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jigs 
f. Dtsecusston of Experiment 1 


In digestion trials with ruminants the lene thot the 
preliminary feeding periods has been dictated arceky Aby 
the length of time required for the feed intake by the 
animals to become constant and for the feed residues of the 
previous ration to be eliminated. However, there is increas- 
ing evidence that the composition of a diet has marked 
influence on the microflora of the rumen (Warner 1962; 
Hungate 1957, 1966, ‘Grubb and Dehoruty, 1975). © Several 
workers "have come to-the “conclusid¢n™@thar the optimum alencth 
of preliminary feeding period depends on the nature of the 
euemoc im diet (N¥cholson*ét “al sy *1950)e.1 eWien eradi1eal 
chances i. “the “ratio of -hay to” concentrates tare sinvalved. 

a 16-day preliminary period may not be enough to obtain 
relvable digestibility values; the required camneemayilie 
between 16 and 30 days. However, when the change in rations 
atfects only the nature of the’ nitrogen\supplementsiwhide 
the basic components remained constant, a preliminary 
feeding period of 17 days appears to be adequate. The idea 
that the time required for adaptation should vary with the 
nature of the change in diet seems reasonable, since it 
would depend on the nature and the magnitude of the dag Fer - 
ences in microbial population in the rumen of animals 

Ponda tioned to the ‘two rations. ‘In’ therpresent Ss tusyeteed 


changes were made from a complete alfalfa “to: a complete 


concentrate ration. Therefore, a minimum 30-day prelimi- 


nary period was chosen to allow the animals to fully adjust 
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Pomee cue ration: 

A highly significant (P<0.01) effect of rations on DM 
eimestibriity (lable 22) was not Surprising, because the 
rations chosen for this experiment varied in chemical 
Composition. The estimated digestibilities of the different 
rations were affected by the AIA methods (Table<22)\,6nutra 
Significant interaction between AIA methods and rations was 
NOt present. 

The standard errors of estimation of the mean 
digestibility coefficients determined by the three AIA 
Methods were not significantly different. This is an 
midication that the variability of thevdidces ti b misty 
coefficients of the three AIA methods were of the same 
magnitude. 

The ioréatest difficulty im assessing a digestrb i bee, 
Doreie ites an the fact (that mo exact Standards as -aqvVaweeoles 
Accepting either the traditional total collection methad, 
which is the normal procedure in digestibility studies or 
the ratio method such as the AIA method, implies accepting 
a number of variations. With the total collection method 
DM intake and DM output are based on weighing all of the 
material consumed and excreted by the animal. Weighing in 
itself is critical, because weighing errors lead to biased 
digestibility estimates andi once @ weighing error 2S made: it 
Pamunotaipe corrected ab a later mater Selective feeding by 
mental animal (non-pelleted ration) demands a 


ite experi. 


decision from the experimentor to verify if the weighback 
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MePLeceiis wa Unit orm mix OL the teed irtered, wy odmede 
subtraction leads to a biased digestibility estimate. 
Porthermore, losses do. occur. Feed is Mostiin either feces, 
urine or simply on the floor. When large experimental 
animals are used in-digestibility trials the losses of feed 
gigeteces, Could be substantial . | 

Colfecting all fecal material viss ina practi calssense 
ditiicult to accomplish. When fecal materzal as soft any 
SMergeercOming Into contact with such feces removes part 
GCF w@ne total amount. Petry and Enders. (1974), 1ounda that. the 
Gi rurest pies. had the lowest, fecal, .recovemy ays ununermore, 
when soft feces are contaminated with feed, separation 
becomes impossible without losing some of the fecal material. 

Contamination of feces with urine a5 also ydirricult to 


prevent. 
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Expertment 2. Comparison Between the 2N HCl and Total 


Collection Methods in Estimating Digestibiltty by Sheep 


The experiment reported in this section was designed 
to evaluate the AIA natural index substance method: (Zh eHeds) 
as a method for estimating digestibility of ruminant feed- 
stuifts compared to digestibility estimated by the total 
Collection method. Three experimental rations which 
differed in AIA content and chemical composition were used 


ie phe study. 
a. Experimental destgn, antmal management and rattons 


The-experimental design consisted of -aamodi:1ed 3.x) 5 
Matin Square with) 3. periods, (each period ancormporated 4n 
aaaptation phase of 30 days and a collection phasesor 2 
dos). 5 cation and S sheep units: (cac  unar conse tineno 
two sheep). Two methods for determining digestibility 
coctererents (total. collection and ZN HGl) were inposed von 
each of the above treatment combinations. Rations 1, 2 and 
3 of previous experiment (Table 19) were used. 

Six Suffolk wethers (74 to 86 kg) about two years of 
age were used for the experiment. All animals were in good 
physical condition. 

The sheep were allotted the three units of two wethers 
Peraunit on the basis of body weight, so that animals among 
treatments. were as uniform as possible. The animals were 
kept indoors in individual metabolism crates. 


Two sheep (unit) received each Of cepa threes rations 
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used (Pap ie 19) 2 one tamer Preliminary period, collection 
period, level of feeding and feeding times were the same as 
described in the previous experiment (Experiment HES PRA EARS 
rations were calculated on the basis of animal weight at the 
Start of the experiment and held constant thereafter regard= 
Becs.0f Weight changes. | 

Feed and fecal collections, calculations and statisti-— 
Cal analysis were the same as described in previous 


expeniment (Experiment 1). 
Day Analysts 


ivipldvicate gross “enersy determinations ofPtecd sand 
feces were determined by a Parr oxygen bomb calorimeter!. 
[URtner analysis were, done es described pin previous 


experiment (Experiment 1). 


Ce Results 


Dry matter digestibility coetticenis and dryjmatter 
digestible energy (DMDE) coefficients of threewrations: 
estimated by the total collection and 2N HCl methods are 
shown in Table 25. From these results it is obvious that 
the digestibility values obtained by the 2N HCl method for 
ration 3 (period 2) were unrealistic. Also, the digesti- 
bility values obtained for tation 3 (period 34); by, the sane 
method showed a large deviation (8-10%) from digestibility 


values obtained by the total collection method. 


im Model No. 101 A, Parr Instrument Corp., Moline ILL. 
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Table 25. Mean percent da gestib ity (om diy matter, and of 
energy on dry matter basis for three rations estimated by 
the total collection (TC) and 2N HCl methods. 


Period Ration Animal Animal 
unit eG 2 NECA LE ZNe Ge 


1 1 74 1 TW Sie iSO 8 Oe ab 

83 A MUR icy h criee: 

2 51 2 PAs edly oka TIA sieves 

49 63s, oy Souk Kove cle cle | 

3 50 3 5 Ohy5 aes Gl eco o) 

77 B22) BAGh Ie 528 ad 

2 1 50 3 PEAT EA ete 8 ee Oa Tees 

77 7 Sih VOR CA-GR SUCRE 

2, 74 1 SUED MOVIL wa TIS) Nan (scm 

83 64.3. .%G0m2 645010 60n0 

3 51 2 ye yA els Saad AOS 

49 SAR ee shes ak 

3 1 51 2 7G: cog) Weer aoa ale men Os 

49 O00 ceaOr A ay Seas: 9 7c 

2 50 3 5Bu2) | oS 57 68 re ab 

77 59 10) roviaibie Sore y 66.9 

3 74 1 Siew ior esis Wolly @ 

83 LM AOS (ey athe BIS EG 

eye 63.2. (65,060 Gs. 5) sano 
ae nian Ona Oe OT 


Ipry matter digestibility. 
2nry matten digestible, enedey.s | 
Coefficients not included in the treatment mean. 
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Yally feed samples (vation 3) durangethe S-day 
CouecerLon. period, of each period were analyzed for AIA 
‘content (Table 26). The variation in AIA content among 
daily alfalfa samples remained relatively constant 
period 1, but incresed sharply at the end of period 2. This 
was the reverse showing of period 3 where AIA values were 
high initially but dropped sharply at the end of the 8-day 
collection period. On the basis of these observed daily 
Wartations of ADA values ifor alfalfa, it wes decided to 
Pexectwtation 3 (period 1, 2 and 3) an “this experiment. 
Porton ss (period 1 )Mwas rej;ected, déspite relatively 
Gonstant ATA valués,; because its validity became question- 
aoe. When 'rejectingsration 3 then’ ration 2, which icon- 
seestediot 50% alftalba (ration 3); also had to be rejected: 

ie mean digestibility COCT TRC Ven Sa Oued Oremus, 
estimated by the total collection and 2N HCl methods, were 
75.41 and 73.2%1, respectively, and these coefficients were 
Notestoniitcantly diftterent. Mean digestible energy 
coefficients for ration 1 estimated by the total collection 
ame 2N JHC! methods were 77.2%% and 75.1%4, respectively, 
and were not significantly different. 

Mean (+SE) AIA recovery in feces from Sheep fed ration 
1 during the three 8-day fecal collection periods was 


Ope ee ao OD os 


Ior oramenns 0.004. 
Zon of means 0.49%. 


84 


SO) eo Lae OTS. 0 058 °0 TZ 6° 0 828° 0 OOS 0 woes 


3 & 

OO Zq0- 07 S.20 Cia Gide 061° 0 Ost. 0 one a8 63 0) ev S Z 

LO 20 30 C20 Td? 0 Go. #0 Gore ee) a. C0 3ce. 0 g iL 
8 L S a v 3 c iL uoT ey potted 


Aeg 


*spotTied UOT}IETTOO [TeodSsF Aep-g seryy 


Zurinp sXep TeNpTATpur wo (¢ uote) VFTeZTe Fo yIy qwesteg *9z eTqeL 


85 


d. Dtscusston of Experiment 2 


The importance of a constant AIA level in the Leeds 
when using the AIA index substance to determine digesti- 
bility, became obvious in this experiment. DURPnO re iis 
experiment the sheep were fed alfalfa (ration 3) from the 
commercial prepared bags each of approximately 22.7 kg. 

The bags were opened in random order and each was sufficient 
for approximately four days. Daily feed samples taken 
(approximately 400 g) for composited samples, allowed AIA 
analysis on a daily basis (Table 26) and also indicated the 
face variation from bag to bag. 

Amalysis Of (the Samples aiter Completion of the 
feeding phase of the experiment clearly showed that the 
alfalfa feed was of two distinct types, one with an AIA 
eendent ror: 0. 15-tol 0.245. and tehevether scontauning 0.80 to 
ila... “Untortunately the problem was noe iscovered muintil | 
tao fate and thus the méecessity to reject not only ration 
Seeibuty also ‘ration 2'Since 10 consiastedytom so). oeere tones. 

WI values of the concentrate (ration) .) ration’ on 
individual days during the different collection periods did 
not show the above variation. For example, the lowest and 
highest AIA contents of ration 1 during the 8-day collection 
period Of period 2 varied by approximately 7%, whereas 
ration 2 remained relatively constant during the,first six 
but increased sharply in AIA content during the last two 
days (20% the seventh and 60% the eighth day). 


It is evident (Table 26) that random sampling of alfalfa 
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could not have been used in this experiment to determine 
discestibibaty by thesAlA methods —Sinee the Al Agcontentnos 
ebiaita was,Jdow to Startiwith,) variations in. ATA values 


would lead toa greater variation in dagestability, 
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J. Expertment 8. Dturnal Vartatton 


To obtain an accurate estimate of feedstuff digesti- 
bility by any of the index substance methods it is essential 
to obtain representative samples of feed and feces. A 
diurnal variation in the excretion of an index substance 
im feces would create a problem unless the excretion pattern 
was established and the sampling of feces done to adjust for 
the variation. Tests were, therefore, conducted to 


determine if there was a diurnal excretion pattern cf fecal 


ATA. 
tueenuapertmenta Ll 

A series of Z2-hourly fecal collections were made an 
Couguner ton with Experzment 2. Collections were sstanten 


immediately following the 8-day collection periods of 
Experiment 2. Thus the animals had a minimum of 38 days to 
aujust to their ratrons, 

Animal management was indentical to that described in 
the previous experiment (Experiment 2). Incandesant 
lighting illuminated the Metabolic Unit during the day and 
was turned off during the night except for short periods 
when samples were collected. 

Feed and fecal samples were weighed, dried in a forced 
aiy oven at 55 C to constant weight and reweighed. Each 
sample was finely ground using a Micro Analytical Mill 


(Canadian Laboratory Supplies) and stored in a polyethylene 


bag. 


AIA content of feces were determined by the 2N HCl 


method (Appendix 2). 
2. Results and dtseusston 


Samples collected from sheep fed rations 2 and 3 were 
rejected because of possible variation in the AIA content 
Ofetae feed: used immediately prior tosthe collections. 


This problem is described in the previous experiment. Only 


woiections from sheep recieving ration. (barley-oats jonain) 


We wewutil i Zed: 

olown im-Table 27 "are ‘the ATA values of tie 2Z-hourly 
Comrcetcd cecal samples of each enimabogithe missing 
values were intervals of day during which the sheep did not 
Gerecate. “An analysis of variance Of “tie eiiect "of time on 
thie ATA content of feces did not show a gsienificant time 
effect. However, there was a significant (P<0.001) 
difference between the mean AIA values of the six animals. 
Animal 49 had a much lower AIA content in its feces during 
the 24-hr period, the reason for this is not known. 

To normalize the values and remove animal effects, each 
Pokey fia value for each animal was expressed relative to ihe 
mean value for the respective sheep (Table 28). However, an 
analysis of variance did not show any significant time 
SPO. 

From the above results it was concluded that there was 
no, Significant variation in diurnal excretion of ATA and 


that for digestibility studies a random fecal sample could 
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Table 27. The ALA values tof fecal Samp kes icoltected “at 
Z-hourly intervals during a 24 hour period and estimated 
Pee eee NGL methods aan So. os. chat et Ae Soe we, see 


Time . ATA values (%). 
orf, Animals 
days. (ciate tees 50 ie Si 49 
0600 Shi bacdel: 
0800 Dw oe 52.45 52. 05 Srp 
1000 Day Dou Doe ss haie) Sy 4.58 
1200 Sia See st 5 IS 4.41 
1400 erent Dee 5.45 5.48 5.49 A Se 
1600 SAS 5.48 ser) BZ 4.38 
1800 5 00 a 0G 5.48 Srecole Ai 50 
2000 5425 5.49 DAE S34 4.54 
2200 5145 Dee 502 sea) 4.50 
2400 5a 2) She Be) ae, 
0200 Dk ys Be 5 OS 4.406 
0400 5.60 DUS mee aS) 
Mean peer 5.44 Shes) 5350 D6 34 4.46 
Sele 2030 0.043 OF nis 0.054 0.044 Speco Jeo 


ee 
cpr rr 


: i i 
i] ; AF a, ‘. ie ' i 
: mI 2 : ' BPA i i 
« To ae a + i ee ' 
im 7, ¥ i ah 1 ei 
i : P ue bed | EL | yt 
i li oe + ais We 2 Aiea it oe ty 
i §?) i } (ea Fhe ay a} 
1 ¥ : va 
i) ry) boo ee ‘- 
i ‘ ; 4 ‘ ‘ om - ie t 3% 
7 2 ' | va Af ex 
li jhe 


Meee aT 8 . 
" — ~agat hal 
my * f 
1 i 
‘ 7 F 
cf 
P an i 
ey i 
. = } 


ay, 


| a ae 
ae oe : " 


Table 28. ATA values of fecal samples. collected at 2-hourly 
intervals during a 24-hour period, as determined by the 2N 
HCl method and presented as a percentage when the mean AIA 


value of each. animal was -expressed.as-100. 


Time Animals 

ie | me | | cenit 
faa 5 1 1 a Seu SO ie a SY 49 
0600 1.02 96 

0800 101 98 95 96 

1000 102 97 100 104 OS L038 
1200 96 99 105 99 
1400 HOH. 99 98 103 103 97 
1600 99 202 102 uO: 98 
1800 100 LO 10S 100 101 
2000 98 LOn 101 ia. 102 
2200 LOS LOL ima 100 0st 
2400 98 97 99 

0200 98 97 100 100 


0400 105 96 98 


OF 


Havesbeen taken at any time of the day. (Figure 6). (rurther- 
more, recent work with horses and pigs: -(JohnaMcCarthy, 
personal communication) has similarly failed! to, show diurnal 
Variation of AIA in feces of these animals. 

One animal (49) showed consistently lower AIA values 
during the 24-hr period, reflected in the lovervateoct as 
bility values (Figure 6). No explanation was found for 


mips ar at Lon. 
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K. Compartson between Total Collection and AIA Estimated 


Coefftetents of Digestibility 


The acceptability of the AIA method for determination 
of digestibility will depend largely on favorable comparison 
(ely the traditional oa collection method for determin- 
ation of digestibility. The acceptance of the method by the 
researcher should not, however, soly depend on the outcome 
of these conparisons, because the AIA method possesses 
Somendistinct advantages over the ‘total collection method: 
The major advantage is avoidence of the necessity for total 
Pouleetion “Of teces, by determining digestibility Lromuan 
lugmor Of teed Ghitake and fecal) ouujuc.” Moe btain a 
further assessment between these two methods, results from 
geluiber Of digestibility Studies involving, tolal (col vection 
were obtained from other reseachers and compared with results 
Useame the ZN HCl method. Feed and fecal samples collected 
by the researcher were analyzed for AIA by the 2N HCl method 
(Appendix 2) and digestibility values estimated. The 


samples were from pooled collections over periods of 6-8 days. 


Deudy oA. 


The digestibility coefficients of a pelleted hay ration 
used by Westra (1975) in a study on the effect of tempera- 
ture on digestion in sheep, are shown in Table 29. The hay 
ration consisted largely of brome grass (Bromus spp.) and 


some crested wheat grass. 


There was no significant difference between the two 
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teabler29. ALA recovery “and .dry Mattervaspes tril acy. 
coefficients estimated by the total collection (Westra 1975) 
ence ne= ZN iC) Miethode rs): ote 


AIA 
Sagepe tt tiene tA Mechod: = | recovery 

Total collection  2N HCl Difference (%) 

98 Died Soe) a a LO Sas 
92 54.4 pyle 2.0 hah 99.9 
96 Sora Drier =. 6 Oona 
94 SARIS) 56.1 WAL, Livia 
90 ees ys) Doel) =O oo 98.9 
OR. 54.9 5070 sal ak, 104.5 
98 nS ore ae Ohare 
90 Dore. Sie! aalwe dl LOOsaL 
94 eon es. 565.0 Ane LVS. 
Mean 5405 Sees ga lea 8 ih Oe 
59 0.40 0.49 1 RE 
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methods. Total AIA recovery from the feces varied from 
98.9% to 105.8% with a mean TECOVETY O10 * LOZ ari 
On the basis of these results the 2N HCl method 


compared well with the total collection method in estimat- 


ime dicestibility from a hay ration. 
Study B 


deble 50 shows the Wieestibilitytcoetircients 
C>ramated by the total collection and 2N HCl methods obtain- 
ed nom an experiment with sheep im which the effects ion 
nutritive value of barley straw were being studied 
Mveisenbureer, 1976). 

Mean digestibility coefficients between the two tiethods 
Were Tet Signittcantly difterent’” Thére was, however, “4 
farge varlation between the estimated digestibility 
coefficients from sheep 67. No explanation was found for 
ties Varha tion. 

Tetal ALA recovery arom the teces varied trom) 8) sa 


fo lLoulS with a mean ATA recovery of Wurs07. 


Study C 


Table! 31 shows the digestibiiuty icocetiicients Ob rong 
alfalfa-brome hay estimated by the total collection and 
2N HCl methods from an experiment in which beef cows were 
exposed for prolonged periods of Various  Eemperatures sin @ 
controlled (18 C) and cold outdoor (-20 to 0 C) environ- 


ment (Christopherson, 1976). 
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Table 30. AIA recovery and dry matter digestibility 
COcmOLCLeENiS estimated py tie COLA cCOlLLeotLon, 
(Weisenburger, 1976) “and the .ZN-HCL methods. 


Dry tmatter<digestibr ity 4.) 


AIA 

sheep Puss es Met ivedrts satus . recovery 
Total Collection  2N HCl Difference | (%) 
66 51.1 ou PAS +0.8 101.5 
65 49.7 50.0 +0.3 100.4 
67 47.4 55.9 +8.5 shaieh al 
70 wae 52.9 +0.8 101.6 
69 lem 57.8 ~3.7 OA 
76 66.7 61.8 -4.9 Cyne: 
78 61.8 O57 +1.9 Looe 
79 Gin he +0.9 102.4 
64 aa 54.0 +0.9 102.0 
68 ets 55.5 +1.2 Tor 
74 56.1 B77 +1.6 LO5ru 
75 54.6 51.9 -2.7 94.5 
Mean Sep: 56.3 +0.5 101.0 
68 1.29 0.97 TREOXS 


SE We 


Table 31. AIA recovery and digestibility coefficients 
estimated by the total collection, (Christopherson, .1976) 
pic cle oN tiGd Methods. 


Dry Matterrdigestipiiaty (3). 


AIA 

Cow eee --= Method ---- recovery 
Total-icoldeenion 2N HCl Difference (7) 
52 60.6 64.2 +3.6 90.8 
aL 60.9 pores -2.4 96.7 
SZ Galts eZ 704 +92 76.8 
oa Page 68.6 +6.6 (pes) 
2 ot aS) Tilaca, +10.1 Aan: 
SL OZ err 66.9 +4.8 (oP s 
Mean 6424 66.7 +5.3 ee, 
SE G2 1.96 1285 Ronee 
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Dugestubida ty) coer. 1 cen teni(rabie SL e. asvestimated “by 
the 2N HCl method varied markedly from those estimated by 
the total collection method. The mean dicest iba ty 
coefficients between the two methods were Somat Camtcly 
(P<0.05) different. In this study the long alfalfa-brome 
hay ration was fed directly trom the bale. Piexe could have 
been a variation in the AIA content of the ration as a 
consequence of variation in ratio of alfalfa to brome grass 
in each bale. Furthermore, it is sometimes difficult to 
obtain representative samples of the hay contained in bales. 
As there is a large ditference in AIW content of alta) ta 
ec orome/orass (111. Gi) a smal difference, an) the: ratie 
be sdltaita. to brome hay could result in atlarce ditrerence 
between the AIA values of samples taken from the hay mixture. 
Himeeact the ATLA values ‘of the thrée feed canmles seved«trom 
thenexperiment were 0.500, 0.200 and 0.257% with crude 
protein values of 14.3. ss) and 14767, respectively.) Wnuue 
the low AIA values of these feed samples indicated that the 
Tation consisted mostly of alfalfa hay, the Variation in AIA 
and protein values are indicative of changes in the propor 
tion of alfalfa and brome grass. If there were day to day 
changes in the proportions of alfalfa and brome grass, as 
different bales were used, and consequently changes in AIA 
values of the feed, then reliable estimates of ration 
digestibility by the AIA method could not be expecued. 

The problem encountered in this stuay appeared fo re 


similar to that in Experiment 2, where alfalfa was one of 
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Eco experimental ratzonew. (n, both egsesn 4 eratiom withes 
Tow ATA value was involved. Therefore, when the 2N HCl 
Method BS used to estimate digestibility tonsa ration 
particular care must be taken to ensure constancy of the 


ration fed. 
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During the laboratory evaluations of the AIA methods 
it was established that the 2N HCl method as compared to 
the Conc. HCl and 4N HCl methods was more convenient and 
fess time consuming. The addition of an initial ashing Step 
(Figure 1) not only increased the number of samples that 
could be analyzed per day, but also eliminated the odor 
problem associated with the 4N HCl method. 

In digestibility studies with sheep the three AIA 
methods showed no significant difference between their 
Coctrrcients of digestibility for the different feéds. 

When compared to the results calculated by the total 
eollection method, the coefficients of digestibility estima- 
toad by ithe four methods were mot signiticantiy different. — 
These results were in agreement. with those that other 
workers have obtained with sheep (Shrivastava and Talapatra, 
19624), Swine (McCarthy et) als, 1974) sand chickens (Vogtmann 
Stade, 1975)... On the basis of thes presen meotud) van ovens 
themthree AIA methods’ could be used to determine the 
@ueestibility of the feeds with similar accuracy. 

When the 2N HCl method was compared to the total 
collection method in a digestibility study using sheep and 
ruminant feedstuffs (Experiment Zu), thesvalues optaineda by 
the 2N HCl method showed large variations in estimated 

alfalfa digestibility. These yarlattons occurred because 
of day to day variation in AIA content of the alfalfa ration 


used. Furthermore, the alfalfa, having a low AIA value, 
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was not satisfactorily premixed before the experiment started. 
However, it appeared that the ATA levels in alfalfa samples 
obtained from the same bag remained constant. Therefore, alta 
the alfalfa was mixed before the experiment; ALA variation 
could have been minimized. Similar results were obtained 
when estimates of digestibility from the 2N Ae inneEnod were 
compared with those from the total collection method 
(ooudy iO) * 

When the AIA method is employed to estimate digesti- 
bility, as with other methods using an index substance, it 
iS essential to obtain a representative sample of the feed 
meested.)) Because theveéstimated’ léveltof index substance 
facen in’ by’ the animal is* determined by that®sample.? Assess- 
Mento. the Compositaon OL inves (ae ae eceneraliy ne era 
problems for animals in confinement and oOrfered’ a Cotal* ration. 
However, for gprazine-or° free ranging animals or where 2 
enorce-of féédStufts is*a4llowed*1it ss¥more ditiicult’te 
obtain a representative sample of the material consumed. 
The use of esophageally fistulated animals (Cook*etvaies 
1963) may provide a useful means of obtaining ingesta 
samples under some circumstances. At times animals may 
consume feedstuffs contaminated by soil or other foreign 
material. Such contamination of ingesta would, if an 
appropiate correction COUTEARSt be appliee , PrescuLty ined 
greater bias when AIA was useaaS+anm. index substance than 


for other digestibility methods. 


Accuracy of AIA method is poorest for Lecdstmiis, suck 
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as alfalfa, with a low AIA content. With such materials 
extra care must be taken to ensure constancy of the ration 
fed sand precision of analysis. Sampling and analysis of 
feces appears to be less of a problem because of its higher 
ATA content. 

ihe ALA content of feces is estimated by ene 
analysis of an average fecal sample. Therefore, a total 
Soreeecti0on Of all the fecal material is-not requaned.s Gare: 
however, must be exercised if samples are obtained off the 
ground to avoid contamination with soil, dust or bedding 
material. Problems of contamination can be avoided when 
pomp les of ireces are obtained from the rectum (erab) samp hey 
When the ATA method is used for ration digestibility 
Studies it offers some distinct advantages over other methods 
Meine index substances ‘and the traditional total collecuman 
method. There issno need for special Crates to confine or 
restrain the animals over an extended period of time for col- 
lectaom Of feces, ,An eStumate, of feed digestibility ean te 
obtained from an aliquot of feed intake and fecal output. 
Collecting fecal samples can be done at any time of the day 
(III. J.) and AIA occurs in common feedstuffs (III. G.) at 
readily measurable levels and laboratory procedures are not 
ag fficult nor time consuming. Furthermore, 1t 1s convenrvent 
to make repeated measurements on the same animal or ona 
relatively large number of animals. Thus statistically a 
loss in accurracy of a single measurement can be made up by 


increasing the number of measurements. 
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Posstble Problems Pertaining to the AIA Method 


During the employment of the AIA method in animal 
feeding trials it became obvious that feed and to a lesser 
extent fecal samples had to be collected with care. This 
Was especially true when feeds with a low AIA content, such 
as alfalfa, were involved. Varying ATA levels in the 
sitalfa ration led to digestibility estimates, that were 
unacceptable. 

Collection of representative fecal samples appeared to 
be less troublesome. The higher AIA values of feces and 
the absence of diurnal variation in AIA excretion were an 
advantage. However, contamination of the feces by dust or 
other morelen materials, especially. those, contaiming thigh 
ATA content (soil) should be watched closely. 

Liishould also bei moted that the accuracy ct assessing 
digestibility by the AIA method was based on data 
obtained by the total collection method, however, the 
Rather method.1s by no means. fool-proot., @burors: made 
during a total collection trial ALE Wit. easily, deGected. 
For example, fecal losses during a total collection period 
are difficult to estimate and their effect on ration digesti- 
bility goes unnoticed unless major variations occur. 
Calculations showing such possible errors were made by 
Petry and Enders (1974) when they Gompared.the total. 
collection method with the indicator method. 

When tests were done to estimate the chemical 


composition of AIA it showed that approximately 99% of the 
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Men was  Sthlaca. It as pOssible that the ALA method only 
measures the insoluble components. The acid soluble silicas 
gre removed during the analysis. Plants take up diirerent 
pmounts of silica according to their species and it is 
generally accepted that Gramineae contain 10 to°20 times 
the concentrations of silica found in legumes and other 
dicotyledons (Russel, 1961, p. 536). Total silica in the 
Ode Plant increased with increasing age, both in the tops 
eceanwhole (Jones and Handreck, 1965b) and in the parts 
(Handreck and Jones, 1968). Similar incréases in total 
Silica were observed in wheat (Russel, 1961). 

ibe concéentratiron of Silica among varrous. parts 0. 4 
Prate 1S dutferent’. For example, the) glumes, palese and 
lemmas of various cereals contain much higher concentrations 
Peestiaca. than the vegetative parts @lones et ai., 196s). 
Wars relationship was also shown in a wheat crop under ficlia 
eonattions (Hutton and, Norrish.) lOy4) 2 in catss the: leat 
biaces contained 5.50% Siticga Which represents 2s. sot tic 
total Silica im the plant and the salica content in the 
roots of crimson clover was about eight times that of the 
corresponding tops (Handreck and Jones, 1967). The lower 
concentration of total silica in the tops of legumes and 
other cotyledons was attributed to an exclusion of 
monosilicic acid from the transpiration stream, either 
within the root or at its external surface and there is 
evidence which suggest that metabolic processes are involved 


in each exclusion (Jones and Handreck, 1969). On the basis 
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of these observations it became clear that the AIA (being 
#24 Silica) content of semé rations (such as alfalfa) was 
subject to greater variation than the AIA content of some 


Suen 4a tons. 
Possible Applications 


The AIA method offers a distinct advantage, as 
compared to the total collection method when used in an 
animal feeding trial, because the requirements for equipment 
pechaporpare reduced. Trials involving “ey ereater number ot 
animals and animals in non-experimental situations are 
Possible since individual confinement is not necessary. 
Since Samples of feed and’ fetes Canepe collected gil 


Wathan one day, an AIA analysis’ can’ start immediately and 


results. made aval lable within a three day period.) Am present, 


tests for teed digestibility at feed testing Laboratories 
are rather limited. Longe term feeding experiments are 
Usually impractical. Data obtained *throvgm suc a eedine 
trial is of reduced use to a farmer or feed mill, because 
of the time delay in obtaining information. The simplicity 
and convenience of the AIA method opens the possibility 

of its adaptation by feed testing laboratories responsible 


for evaluation of feedstuffs for animals in a practicle 


commercial environment. 
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APPENDIX: 1 
PROCEDURE FOR THE DETERMINATION OF ATA BY THE €CONG.+HCL 
METHOD 


Rois ~itivestava, VtS, andl Stky Talapatray 002, OPasture 
studies in Wttar Pradesh. IT. Use. of some natural 
indicators to determine the plane of nutrition of a 
Srazinevanimal. Indiana. Dairy) Sei, wise oa 


Reagents: 


vip aqueous, ‘concentrated HCl. solution. 
2, °Ashless filter paper, Whatman No 41. 


Procedure: 


ET veiphiinitialypreparedssampilé | (dried=eround)yr10 (oc of 
Feed/or 20 ‘@lOL L6ces j Pinto wide \eruciple= (150 mis tday 
tor 2 hours at 135 °C in’ a forced-air oven, cool crucible 
in desiccator to room temperature and weigh crucible 
Wwithedrysmatter? 


2.\ Ashiicructble withosample over da five hour perired by 
progressively tincreasing “the -furngce vemperature from 
ZOU EO. OU Crim LeU GC increments:. 


3. Moisten the resulting ash with 5 ml of water, and 10 ml 
OL econcentra@ted IC] band evdporate €o dryness. over a 
Moceoubabn. “WKepeae. Ehtsestep: twice. 


ae Add 5 mbkeot iconcentraved HCl Wte ethe sample residue and 
atten 15 min over the waterbath fulter the contents: of 
thetcrucibile. Wash sample free of acid withs hot dis- 
tilled water, transtem iilter sppapore worth rash Cocructbie 
Bnd kasi overnitohtral oa70%C* 


5. Cool crucible in desiccator to room temperature, weigh 
crucible with ash and weigh crucible immediately after 
emptying. 

Calculations: 


(Wf - We) x 100 


% Conc. HCl insouble ash = ‘ 
S 


WE = weight of crucible with ash, in g. 
We = weight of empty crucible, in g. 
Ws = weight of sample; in g dry. matter. 
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APPENDIX 2 
PROCEDURE’ FOR THE DETERMINATION OF ATA BY THE 4N HCl METHOD 


Pere nVootmann, H.,. HIPs Pfirter andl. Prabuki. Loo. 
A new method of determining metabolisability of energy 
didvdigestabiltitiyior fatty acids. in broiler divers. 
Bray ROU GOR 6s 554) 


Reagents: 


i ‘Aqueous, 4N HC1 solution. 
for eshiless filter paper, Whatman No 41. 


Procedure: 


Te WerechmaccuratelyolL0:to 12 9 of well mixed and fine oroand 
sanple=into S00smlseriemcyer flaskes Add 200aml aqueous 
HN HG solution and boil vently for--s0 minutess 
eventually with occasional swirling to prevent bumping. 


Bee cer tne hot hydrolysate throuch ane asilescu i lier 
paper, washing the beaker several ytimes swith! hor 
dustihledvwatey. and) transier thas -tostho Pultemepapeie 
Wash-samplée) freé of acid) (pH. 6) with?! hotudisealted water 
(filserate willbe néeariy colorless) tand discard’ frltracte. 


Sa.) Wranster £ii ter Mapper,’ Containing tie sample secarciulay 
imtoral weighed crucible and ash gt approximately (040 1 
overnight (minimum 6 hours). 


4. ool Crucible’ in desictator te room temperaturesand 
determine the weight of the ash. 


Calculations: 
(WE =e We). x 100 
© ANVHC] ansolubhe ash = gee ake 


Ws 
Wf = weight of crucible with ash, in g. 
We = weicht of empty crucable wan 2. 
Ws = weight of sample, in g dry matter. 
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APPENDIX 3 
PROCEDURE FOR THE DETERMINATION OF AIA BY THE 2N HCl METHOD 
Reagents: 


ie. Aqueous 2N HCl solution. 
2. Ashless filter paper, Whatman No 41, diameter 18 cm. 


“Procedure: 


waplntiial) preparation of sample. 
ree, Iv on 
Bra Grinding 


2. a. Weigh accurately 5.0 g samples (to 4 decimal places 
HdECO GhuUc tier (at aml, 
Deevimetor 2ehounseat 135 C (forced ait oven): 
cus COOL cruGibie md -desiecatenr ((Cas04) etoed oom 
CEMNOe Ta Ture; 
ue Wergh erucible wath dry-matter. 


Ses Cruc bDicewith. sample- overnrent at-450.Cr (a2 5 aco. 
Deva. lranster ash into 600-3800 mL Berzelrus beaker. 


Der VAddel00 mi aqueous, ZN HCl and Dowkecenti. fom 5 
minutes. 


ec. Filter the hot hydrolysate through anvashless 1) ter 


paper. 
de Wash sample free of A2Cid With hot desta Vedmwarei. 
C200 veal de das eCards matin tes 
oe. tivanster filters paper wath ache intoycrucpoie. 


esis e FUCd base “OVeL Tae lee OU) Cr alee PoenG) 
Cool crucibic am Mdestecator? 1 or; coum Tenperatine. 


Weaoh serie Dd eh ae eee DM 
Weioh empty crucible. ==> 


38 of 


(ey fen ie) 


Calculations: 
(WE = Wedx £06 


IN Eel ansouble ash = 
Ws 


WE = weight of crucible with ash, in g. 
We = weight of empty crucible in g. 
Ws = weight of sample in g dry matter. 


LG 


Acid-insoluble ‘ash. 
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